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Abstract  

Background: Medial ulnar collateral ligament reconstruction surgery (UCLR) is a 

common surgical procedure performed on elite level baseball players. Physical signs 

and symptoms of ulnar collateral ligament (UCL) injuries requiring UCLR along with 

treatment have been clearly defined, however, an exact etiology of UCL injuries and 

methods of preventing UCLR surgery remain unclear.  

Objective: Systematically review and qualitatively provide an in-depth summary of 

recent literature about the relationships between changes in advanced pitching metrics 

for potential warning signs of UCL injury prior to requiring UCLR.  

Methods: We searched two electronic databases (PubMed, Scopus) from inception to 

October 2021 using a keyword search. Data extracted included author and year of 

publication, study design, sample size, study location, and primary outcome variables. 

Articles that met inclusion criteria were then evaluated using a modified Downs and 

Black criteria.  

Results: The key word search returned 51 articles of which a total of seven articles were 

included in the review. For the papers that met the inclusion criteria, four noted changes 

to velocity as potential an indicator for UCLR surgery, two identified lateralization of arm 

angles as an indicator of UCLR surgery, and one reported change to spin rates of 

specific pitches as an indicator for UCLR surgery.  

Conclusions: The results of this review show that changes in certain advanced pitching 

metrics such as spin rate, velocity, and lateralization of arm angles could be potential 

indicators of UCL damage. Further evaluation is needed to continue to improve our 

understanding of how these trends could be used as predictors of UCLR.    
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Preface 

Ulnar collateral ligament reconstruction (UCLR) surgery is a common surgical procedure 

performed on elite level baseball players. UCLR is performed when players suffer injuries to 

their ulnar collateral ligament (UCL). Also, while physical signs and symptoms of UCL damage 

are well established, the exact reasons for injury along with indicators for prevention are not as 

well understood. Advancements in surgical techniques have improved out comes, 10-20% of 

athletes will be unable to return to their previous levels of play. Further advancements in pitch 

tracking technology have also led to improved evaluation of pitching metrics such as velocity, 

spin rate, and release location.  Given this background, we systematically reviewed the 

available literature about the relationship between changes in advanced pitching metrics and 

risk of UCL injury requiring UCLR. 
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Introduction  

Medial ulnar collateral ligament reconstruction surgery (UCLR) is a common major 

surgical procedure performed on elite level baseball players. It is estimated that one in every four 

Major League Baseball (MLB) pitchers will undergo UCLR in their career. 1-3Signs and symptoms 

of UCL damage include medial elbow pain, finger tingling and numbness, and decreases in 

pitchers’ abilities including command and control of their pitches with decreased pitch velocity.  

Advances in surgical techniques and rehabilitation programs have improved rates of returning to 

sport and decreased overall complications in those undergoing UCLR. 4 However, approximately 

10-20% of players are unable to return to their previous levels of presurgical play.5 

While the physical signs and symptoms of UCL injuries requiring UCLR along with 

treatment have been clearly defined, the exact reasons for, and methods for the prevention of, 

UCL injuries resulting in surgery are still unclear. Overuse and pitching characteristics including 

mean pitch velocity, percentage of fastballs thrown, pitcher demographic characteristics, and 

release location have been identified as possible risk factors of UCL injuries.6-8Currently, 

technology equipment to track pitching characteristics and/or metrics is available in every major 

league ballpark and used by all 30 teams in MLB.1,8  Along with tracking pitching trajectories and 

location, advanced pitching metrics such as spin rates, ball speed, and movement can be 

determined. 8 However, the extent to whether this more granular information can be used to 

provide early warning signs of UCL injuries and prevent UCLR damage remains unclear.  

 The purpose of this article was to systematically review the available literature about the 

relationship between changes in advanced pitching metrics and risk of UCL injury requiring UCLR. 

We examined studies that incorporated recent advances in pitch tracking technology used by 
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MLB teams to examine how changes in advanced pitching metrics, including spin rates, speed, 

and movement, could be used to identify early warning signs of injury and prevent more 

extensive UCL damage requiring surgery.  

 

Methods and Materials 

Ethical considerations  

 This systematic review was based on data available in the peer reviewed literature over a 

recent approximate decade and a half (2007-2021). Therefore, no human ethics committee or 

internal review board approval was required. This systematic review of the published literature 

was conducted based on the principles defined by the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA).9 

Search strategy 

We identified articles published between January 1, 2000, and December 31, 2021 in two 

research databases: PubMed and Scopus®. We first developed several key search terms related 

to: (1) UCLR, or UCL injuries, or Tommy John surgery, (2) baseball or throwing athlete, (3) spin 

rate, or pitch selection, and (4) risk factors or warning signs. For each key search term, the 

investigative team developed key words. One author (A.C) then worked with a research librarian 

at our institution to develop and further refine the search strategy. Based on their input, the 

specific keywords, terms, Medical Subject Headings (MeSH), and characters used for the PubMed 

and Scopus search included UCLR or UCL injuries or Tommy John surgery (“Ulnar collateral 

ligament surgery" OR "Ulnar collateral ligament reconstruction" OR "tommy john" OR "elbow 

surgery”) baseball or throwing athlete (“baseball” OR "throwing athlete”), spin rate or pitch 
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selection (“baseball” OR "throwing athlete" OR "pitch velocity" OR "spin rate" OR "pitch 

selection”), and risk factors or warning signs (“risk factors” OR “warning signs” OR “recovery”), 

and time period (2000/01/01 - 2021/12/31)  (Appendix). After completing the search process, 

citations including author, publication date, tile, and journal were transferred to EndNote X9.1.  

Study Inclusion criteria 

Eligible articles based on data obtained from observational studies or randomized trials  

were reviewed and assessed for inclusion in this review if they met the following criteria: 1) 

reported advanced pitching metrics including  velocity, pitch selection, pitch locations, angular 

rotation, or spin rate using data from PITCH/x and/or Statcast ; 2) UCL or Tommy John surgery 

for UCL injuries; 3) studied professional pitchers (i.e., MLB pitchers) with UCLR;  and 4) was 

written in the English language. One author (A.C.) independently reviewed all titles, abstracts, 

and full texts following the original literature search. Articles were further reviewed by a second 

author (S.L.) to confirm their inclusion. Consensus on inclusion of the studies was reached.  

Data Abstraction  

To describe variations in study setting, design, and study populations, the following 

information was extracted from each selected study: study setting, period of data collection, 

study design, participants including sample size, and sample description (age, years of 

professional experience, handedness, and type of pitcher). To summarize the information from 

the assessment tools used, such as pitch tracking technology and advanced pitching metrics, the 

following information was abstracted: study objective(s), main pitching metrics, main outcomes, 

covariates, and principal study findings. Articles that met the inclusion criteria were first reviewed 

and abstracted for information by one author (A.C.). The accuracy of the abstracted data was 
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reviewed again and verified by a second review (S.L.). Any discrepancies detected by the second 

author were resolved through discussion among the authors.  

Assessment of study quality   

One reviewer (A.C.) assessed the quality of individual studies. To evaluate the quality of 

the studies, existing quality rating scales were used and modified to be applicable for this 

systematic review. Since all articles that met the criteria for review were case-control studies and 

cohort studies, with no data obtained from randomized trials, modified criteria developed by 

Downs and Black were used.10 Items excluded from the Downs and Black were those not relevant 

to the objectives of this review. We indicated a “0” if the article did not include any information 

addressing the issue, a “+” if the reported information was evaluated as study strength, or a “-” 

if the information was considered a weakness. If discrepancies in the ratings were observed, a 

senior researcher (S.L.) reviewed the study and met with the investigative team to reconcile the 

differences. 

 

Results  

PRISMA diagram 

Figure 1 shows a PRISMA diagram of the papers that were reviewed. Fifty-two papers 

were identified from key word searches in SCOPUS and PubMed; two additional studies were 

identified through the review of published references. Overall, 54 unique articles were 

reviewed after duplicates were eliminated. After the initial screening of titles and abstracts, 44 

articles were removed either because they did not meet the study inclusion criteria (n=34) or 

because they had been in previously published reviews (n=10).  After assessing the full text of 
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the articles, three further studies were removed since they did not address risk 

factors/predictors or did not report data using PITCHf/x and advanced pitching metrics.  

 

Study characteristics 

Table 1 shows the characteristics of studies evaluating advanced pitching metrics as 

possible risk factors for UCL injuries requiring surgery. Of the seven studies, four were case- 

control, two were cohort studies, and one was a case series. All the studies were conducted in 

MLB ballparks in the Unites States and Canada. Overall, there were a total of 2,983 participants 

with 717 pitchers having undergone UCLR surgery. The participants were all men who had 

pitched in MLB after the 2007 season which was when PITCHf/x systems were installed in all 

MLB ballparks The average age of study participants ranged from 26 to 29 years old.  

 

Advanced pitching metrics and UCLR 

A summary of the possible risk factors evaluated, and related outcomes are shown in 

Table 2. While all seven articles included pitch velocity measurements prior to surgery, two 

papers focused exclusively on changes in the velocity of pitches thrown as the main indicator 

for surgery.  Two studies did not find a statistically significant association between velocity of 

pitches and UCLR  with three papers suggesting decreases in pitch velocity as a predictor for 

UCLR. Based on the results of the three papers that found an association it appears that there is 

a positive correlation between velocity and UCLR. While four papers included measurements 

involving horizontal and vertical release location, two studies suggested that changes to mean 
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lateralization of horizontal pitch location was a potential predictor for UCLR.  Specifically, an 

increase in mean medial lateralization indicated greater risk for UCLR.   

Overall, two of the seven studies evaluated changes in spin rate as a risk factor for UCLR. 

One study found that there were associations between changes in spin rate of certain pitches 

(i.e., positive for cutter but negative for fastball) and UCLR. While the other study documented 

that spin rate did not provide analysis for spin rate changes, nor did it comment on spin rate as 

a possible indicator for UCRL.  Only one of the seven papers included traditional statistical 

measures used in baseball such as earned run average (ERA), strikeouts (K), and walks (BB) as 

possible risk factors for UCL, finding that an increase in traditional pitching statistical measures 

such as ERA and walks, couple with a decrease in strikeouts was associated with UCLR.  Most of 

the studies controlled for biomechanical measures, such as body mass index, and one of the 

seven papers that investigated biomechanical measures found an association between shorter 

stature and increased risk for UCLR.  

 

Quality assessment of studies  

Figure 3 shows the results of the qualitative assessment of the studies included in this 

review.  Study strengths included representative samples, appropriate statistical analysis, and 

clearly described hypothesis and objectives. While adjustment for potentially confounding 

factors  was a strength most of the studies,  lack of clarity in the description of confounders was 

either a weakness or not addressed for all the studies. The result of not addressing certain 

confounders may have led to different conclusions regarding the effect of velocity as an 

indicator of UCLR,   While main outcomes were defined in other sections of the papers, clearly 
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they were not described in the introduction/methods section in any of the studies included in 

this review which was another weakness 

 

Discussion  

The purpose of this systematic review was to evaluate published literature and 

determine if advanced pitching metrics could be used as indicators of UCL damage resulting in 

UCLR prior to physical warning signs. While only seven studies met our pre-defined inclusion 

criteria, the results of this review show that there are several advanced pitching metrics that 

could be used as potential indicators of UCL damage.  

 

Prior research into UCL damage   

In the past, studies and reviews that identified risk factors for UCLR differed from the 

present review in that their focus was on pitching type (i.e., throwing a certain type of pitch like 

curveballs lead to UCL damage), physical signs such as fatigue, and biomechanical factors 

including, height, weight, and BMI. 1These investigations found that signs of fatigue and 

overuse were the strongest predictors of UCL damage that would result in UCLR. These studies 

also found that commonly held anecdotal believes such as throwing curveballs or other 

breaking pitches was not a strong predictor for UCLR8,11. 

 While more recent studies have examined trends in advanced pitching metrics as 

warning signs for UCLR, most studies that used advanced metrics have focused exclusively on 

one advanced metric.  In contrast, the present review synthesized data across many advanced 

metrics thus extending prior research that investigated each metric individually.  The results of 
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this review provide meaningful information that could be used as the basis for further studies 

of advanced metrics and how they could be used to prevent UCLR.  Among the results that 

warrant further attention, those changes involving release point, velocity, and spin rate are 

suggestive of possible indicators for UCLR.   

 

Release point, spin rate, and velocity  

 Metrics that track pitching mechanics such as spin rate and release point were 

associated with an increased risk for UCLR among the studies that examined these factors as an 

indicator of UCL damage.  Prior studies that investigated pitching mechanics had focused mainly 

on valgus torque placed while pitching as a primary risk factor and had not investigated a 

possible connection between release point and UCLR.12,13  Two papers that specifically 

investigated the role of releasing point found that more lateralization of releasing point was a 

potential indicator for UCLR. 8,12 Prior studies that investigated biomechanical factors did not 

focus on release point rather, those studies focused on valgus torque placed on the arm while 

pitching. In addition, changes to spin rate, especially among cut fastballs, was found to be a risk 

factor for UCLR in the two studies that examined release point.  

  

Mixed findings were observed in this present review with regards to the association of 

pitching velocity and UCLR. While preinjury and post injury velocity were the indicators that 

were mostly reported among each of the studies reviewed, it had the least consistent findings.  

The reasons why these differences exist among the studies remain unclear. We observed that 

studies reporting on pitching velocity used the same study design (case-control) and relied on 
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similar public databases that compiled statistics through PITCHf/x and Trackman technology to 

both analyze metrics and find case and control study groups.6,14,15  The time during which the 

studies were conducted also did not appear to provide an explanation as the inclusion time 

points for cases and controls were uniform among the studies. One possible explanation for 

differences in the findings observed would be the power of the respective studies. For example, 

in studies showing that pitching velocity was not a strong predictor of UCLR, only 83 pitchers 

and their matched controls were used in one study while only 41 cases were used in a similar 

study.14   In contrast, pitching velocity was shown to be a strong predictor of UCLR in a study of 

more than 1,300 pitchers among whom 309 had undergone UCLR. 15The increased power of the 

studies that found a positive association between velocity and UCLR may have provided more 

generalizable and accurate results. Other sources for the discrepancy could be the way in which 

confounders, particularly those associated with biomechanical factors, were controlled for 

among the various studies. 14,15 In the one study that failed to find an association between 

velocity and UCLR, certain measurements that may influence fatigue (a known physical risk 

factor associated with UCLR) such as pitch count, and the amount of each type of pitch being 

thrown, were not controlled for in the analysis.  As previously stated, not controlling for those 

confounders was also a weakness amongst those papers when evaluating using the Downs and 

Black criteria.10  

 

Study strengths and limitations 

Strengths of this review include synthesizing and evaluating data from several pitching 

metrics and incorporating those results in a single place. Another strength was the way in which 
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eligible studies were evaluated using the modified Downs and Black criteria. This review 

provides an important overview of how advanced metrics both individually and in sum could be 

used to evaluate pitchers for UCL injury prevention. Throwing a baseball, and in particular 

pitching, is a very dynamic process that involves many biomechanical and stress factors. It is not 

only possible but probable that many of these metrics would be affected by UCL damage and 

could be used as potential indicators of such damage along with traditional factors such as a 

pitcher’s weight and height.  

While this study provides meaningful information regarding trends in advanced metrics 

and UCLR prevention, there are limitations that exist. A first limitation is that articles were 

restricted to those written in English. Baseball is a global sport with research conducted across 

many countries. A second potential limitation is that the data used by the studies included in the 

review were from publicly available databases that had not been vetted for accuracy and 

completeness by an independent source. Third, the data are also limited by what metrics the 

PITCHf/x and Trackman technology can capture. Certain measures that could play a role in UCLR, 

such as body positioning on the mound, posture, and delivery mechanics are not fully captured 

by these technologies. Fourth, our review is limited by the study population. Since all data were 

gathered at MLB ballparks, only MLB pitchers were included in the studies, thus limiting its 

generalizability.  

 

 

Conclusion  
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In summary, few studies have been published that incorporate data from advanced 

pitching technologies to investigate and evaluate advanced pitching metrics as possible 

indicators for UCLR among MLB pitchers. However, among the papers published, there are 

specific metrics such as releasing point, spin rate, and velocity that show promise as indicators. 

The findings of our review also point to the need for further investigation of advanced pitching 

metrics and pitch tracking technologies as a tool for prevention of UCL damage and UCLR. 
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PRISMA Diagram of included articles 
 
   

Search strategy: Keywords:  "("Ulnar collateral ligament surgery" OR "Ulnar collateral ligament reconstruction" OR 
"tommy john" OR "elbow surgery") AND (baseball OR "throwing athlete") AND (risk factors OR warning signs OR recovery)
Ulnar collateral ligament surgery" OR "Ulnar collateral ligament reconstruction" OR "tommy john" OR "elbow surgery") AND 
(baseball OR "throwing athlete" OR "pitch velocity" OR "spin rate" OR "pitch selection") AND (risk factors OR warning signs OR 
recovery 
Database search: PubMed and Scopus, 2000 – 2021. English language, human subjects. 

Identification 

Number of records identified through database searching (PubMed n=51; SCOPUS n=51) 

Screening 

Number of records screened after removal of 
duplicates (n=51) 

Eligibility 

Number of full text articles assessed for 
eligibility (n=7) 

Included 

Number of articles included in the qualitative synthesis (n=7) 

Number of records excluded (n=44) 
- Did not meet inclusion/exclusion criteria 

(n=34) 
- Review articles (n=10) 
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Table 1: Characteristics of included studies. 

Author (Year)  Setting  
(time of study)  

Study design  Participants   Sample description 

Jiang et. al.  
(2014) 16  

MLB Ballparks 
in USA and 
Canada  
(2008-2010) 

Cohort study  Study group: 
Forty-one pitchers with a UCL 
injury that required surgery 
 
Control group: 
Pitchers without a known UCL injury 
over the multiple MLB seasons were 
pair-matched 

Mean age: 28±4 years 
 
Handedness:  
25% in the study group and 18% in 
the control group were left-handed  
 
Type of pitcher:  
54% for the study group and 57% for 
the control group were starting 
pitcher 
 
Mean years of MLB experience: 
4.6 years for the study group and 4.2 
years for the control group 

Chalmers et. al  
(2016) 15 

MLB Ballparks 
in USA and 
Canada  
(2007-2015)  

Case control  1,327 pitchers, 309 pitchers (26.8%) 
who had undergone UCLR and 1018 
control pitchers  

Mean age:  
26.7 years old for cases and 28.1 
years old for the control group 
 
Mean Years in the league: 
6.2 years for the cases and 7.5 years 
for the control group 

Keller et al. 
(2016) 14 
 
 
 

MLB and 
minor league 
ballparks in 
USA and 
Canada 
(2006-2010) 

case control   Study group:  
83 MLB pitchers who had undergone 
UCLR surgery 
 
Control group: 
83 pitchers who did not undergo UCLR 
matched to the study group for 
handedness, height, weight, age, 
pitching role (starter vs relieve), MLB 
experience, and innings pitched 

Mean age: 
28  years old for the study group and 
28.4 years old for the control group 
 
Handedness:  
25% in the study group and 25% in 
the control group were left-handed 
 
Type of pitcher:  
43% for the study group and 41% for 
the control group were starting 
pitcher 
 
Mean years of MLB experience: 
5.4 years for the study group and 6.4 
years for the control group 
 
Mean Height: 
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189cm for the study and control 
group  
 
Innings pitched:  
105.8 for study group 105.9 for the 
control group  
 

Whiteside et. al.  
(2016) 8 

MLB Ballparks 
in USA and 
Canada  
(2010 and 
prior seasons) 

Case control  104 pitchers who underwent UCLR  
 
Control (no UCL surgery) were 
matched with age (born within 365 
days), pitching ≥ 10 innings at the 
same year as matching case’s index 
year,  and position 

Mean age:  
Starters 
27.3 for cases, 27.8 for controls.  
 
Relievers 
28.3 for cases, 28.7for controls  
 

Portney et. al. 
(2019) 12 

MLB Ballparks 
in USA and 
Canada  
(2010-2017) 

Case control  Study group: 
71 pitchers underwent UCLR  
 
Control group: 
70 pitchers without history of UCLR 
matched on age and pitch count 

Mean age:  
29.65 for cases 
29.17 for controls  
 
Pitches at index season: 
1,267 for cases 
1489for controls 
 
Handedness: 
26.4% in cases and 30.0% in the 
controls were left-handed  
 
Type of pitcher:  
42.3% for the cases and 41.4% for the 
control group were starter 
 

Mayo et. al.  
(2021) 6 

MLB Ballparks 
in USA and 
Canada  
(2009-2019) 
 

Case series  
 

223 pitchers that underwent UCLR  None. 

Cohen et. al.  
(2021) 1 

MLB Ballparks 
in USA and 
Canada  
(2007-2019) 
 

Case control  109 pitchers who underwent UCLR 
with 218 controls matched on season, 
age, position, and pitch count 

Mean age: 
29.7 for cases  
29.9 for controls  
 
Mean years in the league: 
6.4 years for cases 
6.9 for controls  
 
Handedness: 
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22.0% in cases and 22.0% in the 
controls were left-handed  
 
Type of pitcher:  
44.0% for the cases and 44.0% for the 
control group were starter 

 
 
 
Table 2. Summary of factors evaluated, outcomes, and findings of included studies. 

Author (Year)  Primary study 
objective  

Main pitching 
metric(s)  

Main outcome(s)  Covariates Main findings 

Jiang et. al.  
(2014)  16 

Assess the 
mean velocity 
of pitches 
before and 
after UCL 
reconstruction. 

Pitching 
velocity for 4 
commonly 
thrown pitches 
(fastball, 
changeup, 
curveball, and 
slider) 

Mean pitching velocity 
 
Percentage of changes in 
pitching velocity 
 
Performance 
measurement data: 

• Total innings pitched 

• ERA  

• Batting average 
against (BAA) pitcher 

• Walks per 9 innings 
(BB/9) 

• Strikeouts per 9 
innings (K/9) 

• WHIP 

None. Mean pitching velocity 

• There was a decrease in fastball 
and changeup velocities for 
each postinjury year in the 
study group. 

• Curveball velocity decreased in 
postinjury years 2 and 3. 

• There was a difference in the 
changeup velocity for the 
preinjury year and a trend 
toward significance for 
curveballs.  

• There was no difference for 
change in velocity for sliders 
thrown in any year. 

 
There was no difference in mean 
change in velocity in any season 
for any of the pitch types when 
comparing the study group with 
the controls. 
 
Performance measurement data 

• There was a difference in the 
number of innings pitched for 
the index year and first 
postinjury year  

• There was a trend approaching 
significance for the difference in 
WHIP for the index year only. 
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• No differences in mean ERA, 
BBA, BB/9, and K/9. 

Chalmers et. al  
(2016) 15 

Determine 
UCLR specific 
(e.g., peak 
pitch velocity) 
predictors 
among MLB 
pitchers. 

Peak and 
mean pitch 
velocity (4-
seam fastballs, 
and 2-seam 
fastballs) 
 
Total pitch 
counts by 
types of pitch 

Received UCLR Mean 
velocity, 
body mass 
index, and 
age 

Univariate analysis 
Peak pitch velocity preinjury 
pitchers mean  
mph 93.3 vs Control pitchers 92.1 
mph. 
 
Mean pitch preinjury pitchers 
87.8 mph  
vs control 86.9 mph  
 
No differences 
in the overall number of pitches 
and/or types, except breaking 
balls 
 
Multivariate analysis 
After adjusting the mean velocity, 
body, mass index, and age, peak 
pitch velocity was associated with 
subsequent UCLR. 
 
 

Keller et. al.  
(2016)17 

Assess 
whether pitch 
velocity is a 
specific risk 
factor and 
whether 
throwing 
specific pitch 
types and 
percentage of 
pitch types 
increased the 
risk of injury  

Velocity, pitch 
type   

Mean pitching velocity of 
fastballs, slider, curveball, 
and changeup 
 
 

 

Age, height, 
weight, 
handedness, 
MLB 
experience, 
innings 
pitched  

Mean pitching velocity in miles 
per hour (mph) 
Fastball 91.5 study group vs. 91.3 
control, slider 83.3 study group vs 
83.5 control, curveball study 
group 78.2 vs. to 77.9, changeup 
study group 83.9 vs. 83.8 control  
 
 

Whiteside et. 
al.  
(2016) 8 

Identify 
predictors of 
UCLR in MLB 
pitchers  

FIP, IP, 
Number of 
pitchers in 
repertoire. 
Days between 
games, 
Pitchers per 

Received UCLR  none Binary logistic regression analysis  
mean days between consecutive 
games OR 0.685 unique pitch type 
OR 0.673 increase in height OR 
0.941, and horizontal pitch 
location OR 0.028 associated with 
reduced odds of requiring UCLR.  
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game, Pitchers 
per inning, 
velocity, spin 
rate, 
horizontal and 
vertical pitch 
release 
locations, 
Height, 
Weight, BMI  

 
The odds of requiring UCLR 
surgery increased by 38% for 
every one unit increase in mean 
speed OR 1.382 and 2% for one 
unit increase in mean pitches per 
game 1.020  

Portney et. al. 
(2019) 12 

Understand 
the risk factors 
(e.g.  Velocity 
and release 
point)  
requiring UCLR  

Pitching 
velocity for 5 
commonly 
thrown pitches 
(fastball, 
changeup, 
curveball, 
sinker, and 
slider)  
Pitch release 
location  

Percentage of changes in 
mean pitch velocities for 
5 major pitches 
 
Changes in pitch 
selection 
 
Changes to pitch release 
location  
 
 

Height, 
weight, 
fastball 
velocity  

Binary logistic regression analysis: 
Of the 11 variables inputted in 
the binary logistic regression only 
horizontal release location was 
identified as a significant 
independent risk factor for 
requiring UCLR (OR 0.51 CI 0.26-
0.99)  
 
Horizontal release location was an 
independent risk factor for 
requiring UCLR surgery OR 0.51  
 
No other variable was identified 
as an independent risk factor  

Mayo et. al.  
(2021) 6 

Determine 
patterned 
changes in 
pitch selection, 
velocity, or 
spin rates in 15 
games leading 
up to UCLR  

Pitch 
characteristics 
such as pitch 
selection, 
velocity, and 
spin rates for 7 
pitch types (4-
seam fastball, 
2-seam 
fastball, cutter, 
changeup, 
curveball, 
sinker, and 
slider)  
 

Changes to velocity, spin 
rates of 7 pitch types 
leading up to UCL 
 
Changes in pitch 
selection  

None  Mann-Kendall analysis for trends: 
decreases in velocity for 4 seam 
and 2 Seam fastballs was 
associated with increased risk of 
UCLR.  
 
There was a significant positive 
association in spin rate for cutters 
and a negative association in spin 
rates for 4 seam fastballs 

Cohen et. al.  
(2021)1 

Determine risk 
factor for UCLR 
in right vs left-
handed (RHP, 

Velocity, 
release 
location, ball 
movement  

Changes to mean pitching 
velocity,  

Age, height 
weight, 
BMI, draft 
round, pitch 

Univariate analysis 
Release location before injury 

• There were no changes 
amongst vertical release 
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LHP) pitchers 
and starting vs 
relief pitchers 
(SP, RP)   

count, 
experience   
 

locations amongst the 
control and UCLR groups. 

•  Horizontal release 
location 2.4 cm more 
lateral in the UCLR cohort 
compared to the control. 
RPs showed a 2.1cm more 
lateral release location vs 
2.7 more medial for 
control  

Pitch velocity before injury  

• No statistically significant 
changes between UCLR 
subgroups and control 
groups  

Multivariate Analysis 
Horizontal release location OR for 
UCLR were 0.551 with an increase 
odds of 3.7% for 2.5cm 
laterization  
 
both LHP and RHP had increased 
odds of UCLR of 5.8% for every 
2.5 cm lateralization.  

 

 
 
 
Table 3. Quality ratings of cohort and case control and case series using modified 
Downs and Black criteria10  

Authors, Year 
[Reference] 

Study Design Reporting External 
Validity 

Internal Validity Other 
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Charlmers 
et al.[1] 

 
(2016) 

0 + + + - + 0 + + + + + + + 

Cohen et 
al.[2] 

 
(2022) 

0 + + + - + 0 + + + + + + 0 

Jiang et al.  
[3] 
 
(2014) 

0 + + - - + - + + + + + + 0 

Mayo et al. 
[4]  
 
(2021) 

0 + + + - + - + + + + + + 0 

Portnoy et 
al. [5] 
 
(2019) 

0 + + + - + + + + + + + + + 

Whiteside 
et al. [6] 
 
(2016) 

0 + + + _ + + + + + + + 0 + 

Keller et al. 
(2016)7] 
(2016) 

0 + - + - + + + + + + + + 0 

+ / - Reported and how performed was a strength (+) or a weakness (-). 
0 = not reported 
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