Appendix. Analytical Code & Distributions of Simulated Data
Statistical Process Controls in Sport Code 
library(dplyr)
library(ggplot2)
library(tidyverse)
library(patchwork)
library(DT)
library(openxlsx)

#####Shoulder External Rotation Strength Statistical Process Control#############################

#Simulating Shoulder External Rotation Strength Data

set.seed(1721)

# Define parameters
n_participants <- 20
n_weeks <- 20
sessions_per_week <- 4
total_observations <- n_participants * n_weeks * sessions_per_week

# Create participant IDs (1-20, each repeated for all their measurements)
participant_id <- rep(1:n_participants, each = n_weeks * sessions_per_week)

# Create week numbers (1-20 for each participant, each repeated 4 times)
week <- rep(rep(1:n_weeks, each = sessions_per_week), times = n_participants)

# Create session numbers within each week (1-4 repeated for each week)
session_in_week <- rep(1:sessions_per_week, times = n_participants * n_weeks)

# Create overall testing session numbers (sequential 1 to total observations)
testingSession <- 1:total_observations

# Generate shoulder strength data based on different phases
shoulderStrength <- numeric(total_observations)

for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    shoulderStrength[i] <- round(rnorm(1, mean = 131, sd = 25), 0)
  } else if(current_week <= 10) {
    # Volatile phase (weeks 6-10)
    shoulderStrength[i] <- round(rnorm(1, mean = 180, sd = 45), 0)
  } else {
    # Reoriented phase (weeks 11-20)
    shoulderStrength[i] <- round(rnorm(1, mean = 130, sd = 28), 0)
  }
}

# Create the final dataset
df <- data.frame(
  participant_id = participant_id,
  week = week,
  session_in_week = session_in_week,
  testingSession = testingSession,
  shoulderStrength = shoulderStrength
)




#Checking Distributions
df %>%
  group_by(week) %>%
  summarize(
            Avg_Shoulder_Strength = mean(shoulderStrength),
            SD_Shoulder_Strength = sd(shoulderStrength),
            CV_Shoulder_Strength = (SD_Shoulder_Strength / Avg_Shoulder_Strength) * 100)


#Arranging by Week 
df <- df %>% 
  arrange(week, participant_id)

#Creating Statistical Process Control Chart: Using One Participant for Ease of Visualization
png("filepath…\\Shoulder_Strength_SPC_Figure.png",
    height = 2000, width = 3000, res = 300)
df %>% 
  filter(participant_id == 1) %>% 
  ggplot(aes(x = testingSession, y = shoulderStrength)) +
  #Calibration Data 
  geom_rect(aes(ymin = mean(shoulderStrength[week < 6]) - sd(shoulderStrength[week < 6]),
                ymax = mean(shoulderStrength[week < 6]) + sd(shoulderStrength[week < 6])),
            xmin = 0,
            xmax = 20,
            fill = "gray50",  # Darker shade
            alpha = 0.7) +
  #Real Outside Lab Data
  geom_rect(aes(ymin = mean(shoulderStrength[week < 6]) - sd(shoulderStrength[week < 6]),
                ymax = mean(shoulderStrength[week < 6]) + sd(shoulderStrength[week < 6])),
            xmin = 20,
            xmax = Inf,
            fill = "gray80",  # Lighter shade
            alpha = 0.7) +
  geom_vline(aes(xintercept = 20), #Denoting the End of In Laboratory Calibration Data
             size = 1.3, 
             color = "blue") +
  geom_hline(aes(yintercept = mean(shoulderStrength[week < 6])), 
             linetype = "dashed",
             size = 1.3) +
  # Adding a Red Box Around a Specific Region for Highlighting Issues (Upward Trend and Noise in Data)
  annotate("rect",
           xmin = 20.75, xmax = 30.5,  # Define the x-range
           ymin = 100, ymax = 265,    # Define the y-range
           color = "red",         # Red border
           fill = NA,             # No fill inside the box
           size = 1.5) +          # Border thickness
  geom_line(size = 1.2) +
  geom_point(size = 4) +
  labs(title = "Shoulder External Rotation Strength",
       subtitle = "Control Bars Established From Laboratory Norms",
       x = "Testing Sessions", y= "Shoulder External Rotation Strength (Nm)")
dev.off()






#####Countermovement Jump Statistical Process Control#############################

#Simulating Countermovement Jump Height Data
[bookmark: _Hlk207278513]# Set seed for reproducible results
set.seed(17211986)
week <- rep(1:25, each = 4)
testingSession <- 1:length(week)
jump <- c(rnorm(n = 20, mean = 0.36, sd = 0.09), #Calibration Data 
                      rnorm(n = 40, mean = 0.37, sd = 0.09), #Good Data
                      rnorm(n = 10, mean = 0.24, sd = 0.06), #Loss of Motivation
                      rnorm(n = 30, mean = 0.36, sd = 0.06)) #Re-motivating


# Define parameters
[bookmark: _Hlk207278505]# total number of tests is equal to the number of athletes * number of weeks * sessions per weeks #total_observations
n_participants <- 20
n_weeks <- 25
sessions_per_week <- 4
total_observations <- n_participants * n_weeks * sessions_per_week

# Create participant IDs (1-20, each repeated for all their measurements)
participant_id <- rep(1:n_participants, each = n_weeks * sessions_per_week)

# Create week numbers (1-25 for each participant, each repeated 4 times)
week <- rep(rep(1:n_weeks, each = sessions_per_week), times = n_participants)

# Create session numbers within each week (1-4 repeated for each week)
session_in_week <- rep(1:sessions_per_week, times = n_participants * n_weeks)

# Create overall testing session numbers (sequential 1 to total observations)
testingSession <- 1:total_observations

#Generating Countermovement Jump Data 
jump <- numeric(total_observations)

#A for loop is a fundamental programming construct used to repeat a block of code a specific number of times
for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    jump[i] <- rnorm(1, mean = 0.36, sd = 0.09)
  } else if(current_week > 5 & current_week <= 15) {
    # Good Data (weeks 6-15)
    jump[i] <- rnorm(1, mean = 0.37, sd = 0.08)
  } else if(current_week > 15 & current_week <= 18) {
    # Loss of Motivation (weeks 15-18)
    jump[i] <- rnorm(1, mean = 0.24, sd = 0.06)
  }else {
    # Reoriented phase (weeks 19-25)
    jump[i] <- rnorm(1, mean = 0.36, sd = 0.06)
  }
}

# Create the final dataset
df <- data.frame(
  participant_id = participant_id,
  week = week,
  session_in_week = session_in_week,
  testingSession = testingSession,
  jump = jump
)


[bookmark: _Hlk207278490]#Checking the first 10 rows of the dataset
df %>% head()

#Checking Distributions
df %>%
  group_by(week) %>%
  summarize(
    Avg_Jump_Height = mean(jump),
    SD_Jump_Height = sd(jump),
    CV_Jump_Height = (SD_Jump_Height / Avg_Jump_Height) * 100)


#Arranging by Week 
df <- df %>% 
  arrange(week, participant_id)

#Creating Statistical Process Control Chart: Using One Participant for Ease of Viewing
png("filepath...\\SPC_Jump_Height.png", 
    height = 2000, width = 3000, res = 300)
df %>% 
  filter(participant_id == 1) %>% 
  ggplot(aes(x = testingSession, y = jump)) +
  #Calibration Data 
  geom_rect(aes(ymin = mean(jump[week < 6]) - sd(jump[week < 6]),
                ymax = mean(jump[week < 6]) + sd(jump[week < 6])),
            xmin = 0,
            xmax = 20,
            fill = "gray50",  # Darker shade
            alpha = 0.7) +
  #Real Outside Lab Data
  geom_rect(aes(ymin = mean(jump[week < 6]) - sd(jump[week < 6]),
                ymax = mean(jump[week < 6]) + sd(jump[week < 6])),
            xmin = 20,
            xmax = Inf,
            fill = "gray80",  # Lighter shade
            alpha = 0.7) +
  geom_vline(aes(xintercept = 19.5), #Denoting the End of In Laboratory Calibration Data
             size = 1.3, 
             color = "blue") +
  geom_hline(aes(yintercept = mean(jump[week < 6])), 
             linetype = "dashed",
             size = 1.3) +
  # Adding a Red Box Around a Specific Region for Highlighting Issues (Downward Trend (Lack of Motivation) in Data)
  annotate("rect", 
           xmin = 58, xmax = 73,  # Define the x-range
           ymin = 0.15, ymax = 0.35,    # Define the y-range
           color = "red",         # Red border
           fill = NA,             # No fill inside the box
           size = 1.5) +          # Border thickness
  geom_line(size = 1.2) +
  geom_point(size = 4) +
  labs(title = "Countermovement Jump Height",
       subtitle = "Control Bars Established From Laboratory Norms",
       x = "Testing Sessions", y= "Countermovement Jump Height (m)")
dev.off()



#################################################
#Training Load Data 

#This is of one individual athlete, which is different than previous simulated data of an entire team
set.seed(2025)
dat <- data.frame(
  training_day = 1:20,
  training_phase = rep(c("phase1", "phase2"), each = 10),
  rpe = c(
    round(runif(n = 10, min = 4, max = 6)),
    round(runif(n = 5, min = 5, max = 8)),
    round(runif(n = 5, min = 6, max = 10))
  )
)

png("filepath…\\SPC_Jump_Height.png", 
    height = 2000, width = 3000, res = 300)
dat %>%
  mutate(phase1_avg = mean(rpe[training_phase == "phase1"]),
         phase1_sd = sd(rpe[training_phase == "phase2"])) %>%
  ggplot(aes(x = training_day, y = rpe)) +
  geom_line(linewidth = 1.1) +
  geom_point(shape = 21,
             size = 4,
             color = "black",
             fill = "white") +
  geom_vline(xintercept = 9.5,
             linewidth = 1.1,
             linetype = "dashed") +
  geom_hline(aes(yintercept = phase1_avg)) +
  geom_hline(aes(yintercept = phase1_avg - phase1_sd),
             linetype = "dashed") +
  geom_hline(aes(yintercept = phase1_avg + phase1_sd),
             linetype = "dashed") +
  scale_y_continuous(limits = c(1, 10),
                     breaks = seq(1, 10, 1)) +
  scale_x_continuous(limits = c(1, 20),
                     breaks = seq(1, 20, 2)) +
  annotate(geom = "text",
           x = 3.5,
           y = 9.5,
           size = 8,
           label = "Phase 1") +
  annotate(geom = "text",
           x = 13.5,
           y = 9.5,
           size = 8,
           label = "Phase 2") +
  labs(x = "Training Day",
       y = "RPE")
dev.off()




######################################################
#Injury Surveillance Data 

set.seed(17211)
week <- rep(1:20)
testingSession <- 1:length(week)
injury <- c(rpois(n = 2, lambda = 1), #Beginning of Season
          rpois(n = 2, lambda = 4), #Increase in Injuries 
          rpois(n = 10, lambda = 1), #Stabilization of Injuries
          rpois(n = 3, lambda = 3), #Second Peak of Injuries
          rpois(n = 3, lambda = 1)) #End of Season

#Creating Data Frame
df <- data.frame(week, testingSession, injury)

df %>% head()



#Creating Statistical Process Control Chart
png("filepath…\\SPC_Injury_Surveillance.png", 
    height = 2000, width = 3000, res = 300)
df %>% 
  ggplot(aes(x = testingSession, y = injury)) +
  #Calibration Data 
  geom_rect(aes(ymin = mean(injury[week < 3]) - sd(injury[week < 3]),
                ymax = mean(injury[week < 3]) + sd(injury[week < 3])),
            xmin = 0,
            xmax = 20,
            fill = "gray80",  # Darker shade
            alpha = 0.7) +
  geom_hline(aes(yintercept = mean(injury[week < 3])), 
             linetype = "dashed",
             size = 1.3) +
  # Adding a Red Box Around a Specific Region for Highlighting Issues (First Spike)
  annotate("rect", 
           xmin = 2.5, xmax = 5.5,  # Define the x-range
           ymin = 0, ymax = 7,    # Define the y-range
           color = "red",         # Red border
           fill = NA,             # No fill inside the box
           size = 1.5) +          # Border thickness
  # Adding a Red Box Around a Specific Region for Highlighting Issues (Second Spike)
  annotate("rect", 
           xmin = 14.8, xmax = 18.3,  # Define the x-range
           ymin = 0, ymax = 9,    # Define the y-range
           color = "red",         # Red border
           fill = NA,             # No fill inside the box
           size = 1.5) +          # Border thickness
  geom_line(size = 1.2) +
  geom_point(size = 4) +
  scale_y_continuous(breaks = c(0, 2, 4, 6, 8, 10)) +
  labs(title = "Musculoskeletal Injuries",
       subtitle = "Control Bars Established From First Two Weeks of Season",
       x = "Testing Sessions", y= "Musculoskeletal Injury Count")
dev.off()



####################################################
#Creating Iterative Table for Early Warning Systems 
####################################################

#Simulating Data: 20 Athletes; Only Doing Four Weeks of 'Real' Data Collection for Brevity

n_participants <- 20
n_weeks <- 9 #first 5 weeks calibration
sessions_per_week <- 1 #For Brevity only One Testing Session per Week
total_observations <- n_participants * n_weeks * sessions_per_week

# Create participant IDs (1-20, each repeated for all their measurements)
participant_id <- rep(1:n_participants, each = n_weeks * sessions_per_week)

# Create week numbers (1-25 for each participant, each repeated 4 times)
week <- rep(rep(1:n_weeks, each = sessions_per_week), times = n_participants)

# Create session numbers within each week (1-4 repeated for each week)
session_in_week <- rep(1:sessions_per_week, times = n_participants * n_weeks)

# Create overall testing session numbers (sequential 1 to total observations)
testingSession <- 1:total_observations

# Generate shoulder strength data 
shoulderStrength <- numeric(total_observations)

for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    shoulderStrength[i] <- round(rnorm(1, mean = 131, sd = 25), 0)
  } else {
    # Real Testing Data (weeks 6-9)
    shoulderStrength[i] <- round(rnorm(1, mean = 130, sd = 28), 0)
  }
}

#Generating Countermovement Jump Data 
jump <- numeric(total_observations)

for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    jump[i] <- rnorm(1, mean = 0.36, sd = 0.09)
  } else {
    # Real Testing Data (weeks 6-9)
    jump[i] <- rnorm(1, mean = 0.36, sd = 0.10)
  }
}


#Generating Dominant Shoulder Internal Rotation Data 
shoulder_internal <- numeric(total_observations)

for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    shoulder_internal[i] <- round(rnorm(1, mean = 40, sd = 5), 0)
  } else {
    # Real Testing Data (weeks 6-9)
    shoulder_internal[i] <- round(rnorm(1, mean = 38, sd = 6), 0)
  }
}


#Generating Dominant Shoulder External Rotation Data 
shoulder_external <- numeric(total_observations)

for(i in 1:total_observations) {
  current_week <- week[i]
  
  if(current_week <= 5) {
    # Calibration phase (weeks 1-5)
    shoulder_external[i] <- round(rnorm(1, mean = 105, sd = 8), 0)
  } else {
    # Real Testing Data (weeks 6-9)
    shoulder_external[i] <- round(rnorm(1, mean = 107, sd = 7), 0)
  }
}



df <- data.frame(
  participant_id = participant_id,
  week = week,
  session_in_week = session_in_week,
  testingSession = testingSession,
  shoulderStrength = shoulderStrength,
  jump = jump,
  shoulder_internal = shoulder_internal, 
  shoulder_external = shoulder_external
)

View(df)

############################
#Creating Interactive Table 
############################

# Calculate baseline statistics from calibration period (weeks 1-5)
calibration_data <- df %>% 
                    filter(week <= 5)

# Calculate means and standard deviations for each variable
baseline_stats <- list(
  shoulderStrength = list(
    mean = mean(calibration_data$shoulderStrength),
    sd = sd(calibration_data$shoulderStrength)
  ),
  jump = list(
    mean = mean(calibration_data$jump),
    sd = sd(calibration_data$jump)
  ),
  shoulder_internal = list(
    mean = mean(calibration_data$shoulder_internal),
    sd = sd(calibration_data$shoulder_internal)
  ),
  shoulder_external = list(
    mean = mean(calibration_data$shoulder_external),
    sd = sd(calibration_data$shoulder_external)
  )
)

# Function to identify outliers (values exceeding 3 standard deviations)
identify_outliers <- function(data, week_col, variable_col, baseline_mean, baseline_sd) {
  outliers <- rep(FALSE, length(data))
  post_week5_indices <- which(week_col > 5)
  
  for(i in post_week5_indices) {
    z_score <- abs((data[i] - baseline_mean) / baseline_sd)
    if(z_score > 2.5) {
      outliers[i] <- TRUE
    }
  }
  return(outliers)
}

# Identify outliers for each variable
df$shoulderStrength_outlier <- identify_outliers(df$shoulderStrength, df$week, 
                                                 df$shoulderStrength, 
                                                 baseline_stats$shoulderStrength$mean, 
                                                 baseline_stats$shoulderStrength$sd)

df$jump_outlier <- identify_outliers(df$jump, df$week, 
                                     df$jump, 
                                     baseline_stats$jump$mean, 
                                     baseline_stats$jump$sd)

df$shoulder_internal_outlier <- identify_outliers(df$shoulder_internal, df$week, 
                                                  df$shoulder_internal, 
                                                  baseline_stats$shoulder_internal$mean, 
                                                  baseline_stats$shoulder_internal$sd)

df$shoulder_external_outlier <- identify_outliers(df$shoulder_external, df$week, 
                                                  df$shoulder_external, 
                                                  baseline_stats$shoulder_external$mean, 
                                                  baseline_stats$shoulder_external$sd)

# Create enhanced dataset for export that includes outlier flags
export_df <- df %>%
  dplyr::select(participant_id, week, session_in_week, testingSession, 
                shoulderStrength, jump, shoulder_internal, shoulder_external,
                shoulderStrength_outlier, jump_outlier, 
                shoulder_internal_outlier, shoulder_external_outlier) %>%
  mutate(
    jump = round(jump, 3),
    any_outlier = shoulderStrength_outlier | jump_outlier | 
      shoulder_internal_outlier | shoulder_external_outlier
  ) %>%
  rename(
    "Participant ID" = participant_id,
    "Week" = week,
    "Session in Week" = session_in_week,
    "Testing Session" = testingSession,
    "Shoulder Strength" = shoulderStrength,
    "Jump Height" = jump,
    "Shoulder Internal Rotation" = shoulder_internal,
    "Shoulder External Rotation" = shoulder_external,
    "Strength Outlier" = shoulderStrength_outlier,
    "Jump Outlier" = jump_outlier,
    "Internal Rotation Outlier" = shoulder_internal_outlier,
    "External Rotation Outlier" = shoulder_external_outlier,
    "Any Outlier" = any_outlier
  )

# Create workbook and add data
wb <- createWorkbook()
addWorksheet(wb, "Performance Data")
writeData(wb, "Performance Data", export_df)

# Create red fill style for outliers
red_style <- createStyle(bgFill = "#FFCCCC", fontColour = "#CC0000")

# Apply conditional formatting to outlier cells
# Shoulder Strength outliers (column 5)
shoulder_outlier_rows <- which(export_df$`Strength Outlier` == TRUE) + 1 # +1 for header
if(length(shoulder_outlier_rows) > 0) {
  addStyle(wb, "Performance Data", red_style, rows = shoulder_outlier_rows, cols = 5)
}

# Jump Height outliers (column 6)
jump_outlier_rows <- which(export_df$`Jump Outlier` == TRUE) + 1
if(length(jump_outlier_rows) > 0) {
  addStyle(wb, "Performance Data", red_style, rows = jump_outlier_rows, cols = 6)
}

# Shoulder Internal Rotation outliers (column 7)
internal_outlier_rows <- which(export_df$`Internal Rotation Outlier` == TRUE) + 1
if(length(internal_outlier_rows) > 0) {
  addStyle(wb, "Performance Data", red_style, rows = internal_outlier_rows, cols = 7)
}

# Shoulder External Rotation outliers (column 8)
external_outlier_rows <- which(export_df$`External Rotation Outlier` == TRUE) + 1
if(length(external_outlier_rows) > 0) {
  addStyle(wb, "Performance Data", red_style, rows = external_outlier_rows, cols = 8)
}

# Save the workbook
saveWorkbook(wb, paste0(‘filepath…\\detailed_performance_data', Sys.Date(), '.xlsx'), overwrite = TRUE)





#########################
#Interactive Table Code for more embedded into R Studio, Rather than an Excel Export. 

# Create the display table (without outlier columns)
display_df <- df %>% 
  dplyr::select(participant_id, week, session_in_week, testingSession, 
                shoulderStrength, jump, shoulder_internal, shoulder_external) %>%
  mutate(
    jump = round(jump, 3)  # Round jump values for better display
  )


# ===============================
# INTERACTIVE TABLE WITH EXCEL EXPORT
# ===============================

# Create interactive table with Excel export button
interactive_table <- datatable(
  display_df,
  extensions = c('Buttons', 'SearchPanes'),
  options = list(
    # Export button configuration
    dom = 'Bfrtip',
    buttons = list(
      list(extend = 'copy', text = 'Copy to Clipboard'),
      list(extend = 'csv', 
           filename = paste0('performance_data_', Sys.Date()),
           title = 'Athletic Performance Data'),
      list(extend = 'excel', 
           filename = paste0('performance_data_', Sys.Date()),
           title = 'Athletic Performance Data',
           messageTop = 'Athletic Performance Monitoring - Outliers highlighted in red'),
      list(extend = 'pdf', 
           filename = paste0('performance_data_', Sys.Date()),
           title = 'Athletic Performance Data',
           orientation = 'landscape')
    ),
    
    # Table display options
    pageLength = 25,
    lengthMenu = c(10, 25, 50, 100, -1),
    scrollX = TRUE,
    scrollY = "500px",
    fixedHeader = TRUE,
    searchHighlight = TRUE,
    
    # Column definitions
    columnDefs = list(
      list(className = 'dt-center', targets = "_all"),
      list(width = '80px', targets = c(0, 1, 2, 3)),
      list(width = '100px', targets = c(4, 5, 6, 7))
    ),
    
    # Search panes
    searchPanes = list(
      viewTotal = TRUE,
      columns = c(0, 1)  # Enable search panes for participant_id and week
    )
  ),
  
  # Add column filters
  filter = list(position = 'top', clear = FALSE),
  
  # Table caption
  caption = htmltools::tags$caption(
    style = 'caption-side: top; text-align: center; color: black; font-size: 150%; margin-bottom: 10px;',
    htmltools::HTML('<strong>Athletic Performance Monitoring Data</strong><br>
                    <small>Values exceeding 3 SD from baseline (weeks 1-5) highlighted in red for weeks 6-9</small>')
  ),
  
  # Remove row names
  rownames = FALSE
) %>%
  
  # Format week column to distinguish calibration vs testing
  formatStyle(
    'week',
    backgroundColor = styleInterval(5, c('#e8f5e8', '#fff2cc')),
    fontWeight = styleInterval(5, c('normal', 'bold')),
    color = styleInterval(5, c('black', '#b8860b'))
  ) %>%
  
  # Highlight shoulder strength outliers
  formatStyle(
    'shoulderStrength',
    backgroundColor = styleEqual(
      display_df$shoulderStrength[df$shoulderStrength_outlier], 
      rep('#ff4444', sum(df$shoulderStrength_outlier))
    ),
    color = styleEqual(
      display_df$shoulderStrength[df$shoulderStrength_outlier], 
      rep('white', sum(df$shoulderStrength_outlier))
    ),
    fontWeight = styleEqual(
      display_df$shoulderStrength[df$shoulderStrength_outlier], 
      rep('bold', sum(df$shoulderStrength_outlier))
    )
  ) %>%
  
  # Highlight jump outliers
  formatStyle(
    'jump',
    backgroundColor = styleEqual(
      display_df$jump[df$jump_outlier], 
      rep('#ff4444', sum(df$jump_outlier))
    ),
    color = styleEqual(
      display_df$jump[df$jump_outlier], 
      rep('white', sum(df$jump_outlier))
    ),
    fontWeight = styleEqual(
      display_df$jump[df$jump_outlier], 
      rep('bold', sum(df$jump_outlier))
    )
  ) %>%
  
  # Highlight shoulder internal rotation outliers
  formatStyle(
    'shoulder_internal',
    backgroundColor = styleEqual(
      display_df$shoulder_internal[df$shoulder_internal_outlier], 
      rep('#ff4444', sum(df$shoulder_internal_outlier))
    ),
    color = styleEqual(
      display_df$shoulder_internal[df$shoulder_internal_outlier], 
      rep('white', sum(df$shoulder_internal_outlier))
    ),
    fontWeight = styleEqual(
      display_df$shoulder_internal[df$shoulder_internal_outlier], 
      rep('bold', sum(df$shoulder_internal_outlier))
    )
  ) %>%
  
  # Highlight shoulder external rotation outliers
  formatStyle(
    'shoulder_external',
    backgroundColor = styleEqual(
      display_df$shoulder_external[df$shoulder_external_outlier], 
      rep('#ff4444', sum(df$shoulder_external_outlier))
    ),
    color = styleEqual(
      display_df$shoulder_external[df$shoulder_external_outlier], 
      rep('white', sum(df$shoulder_external_outlier))
    ),
    fontWeight = styleEqual(
      display_df$shoulder_external[df$shoulder_external_outlier], 
      rep('bold', sum(df$shoulder_external_outlier))
    )
  )

# Display the interactive table
interactive_table
