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ABSTRACT

Objective: To determine the association between severity of 
cholecystitis and gallstone size.
Study Design: Cross-sectional study.
Place and Duration of Study: Department of Surgery, 
Combined Military Hospital, Rawalpindi, from 22nd August 
2024 to 21st September 2024.
Methodology: This study utilized a cross-sectional design to 
explore the correlation between severity of cholecystitis as 
assessed by the Parkland grading system and gallstone size, 
following Ethics Review Board approval. The sample included 
67 respondents diagnosed with cholecystitis who underwent 
laparoscopic cholecystectomy during the study period 
after obtaining written consent. Data on gallstone size and 
Parkland grading scores were collected. Gallstone diameter 
was measured using vernier callipers, while Parkland grading 
was assessed using a clinical grading system. Gallstone size 
served as the dependent variable, and Parkland grading 
was the independent variable. Quantitative analysis was 
performed using SPSS, with simple linear regression to 
evaluate the relationship. The model’s compatibility was 
assessed using R-squared values, with t-tests and p-values 
for predictors. An ANOVA test determined the overall 
significance of the regression model.
Results: The ANOVA test confirmed the regression model’s 
significance (F = 18.101, p = 0.001), indicating that Parkland 
grading is associated with gallstone size, where higher grades 
correspond to larger stone sizes.
Conclusion: A significant positive correlation was observed 
between Parkland grading score and Gallstone size.

Keywords: Cholecystitis, Gallstone Size, Parkland Grading, 
Regression Analysis, Clinical Assessment, Gallstones, 
Predictive Modeling, Statistical Analysis, Gallstone Disease.

INTRODUCTION

Gallstones are a common pathophysiological condition 
affecting millions globally [1,2]. These rigid formations 
develop within the gallbladder, and their size often dictates 
the severity of clinical symptoms and the treatment approach 
required [3,4]. The Parkland grading system is a clinical tool 
used to assess the severity of conditions associated with 
gallstones [5]. Cholesterol gallstone disease, a common 
gastrointestinal disorder, is characterized by the formation 
of calculi within the gallbladder, which can vary in size and 
composition [6,7]. Large gallstones are often associated with 
more severe clinical manifestations, including biliary colic, 
cholecystitis, and pancreatitis, particularly when they cause 
obstructions [8].
Understanding the factors that influence gallstone size is 
critical for anticipating the progression and severity of the 
disease, as well as for guiding treatment decisions [9].

METHODOLOGY

Study Design
This was a cross-sectional study conducted to investigate the 
relationship between the severity of cholecystitis, as assessed 
by the Parkland grading system, and gallstone size. The 
study was approved by the Ethics Review Board of Combined 
Military Hospital Rawalpindi.

Inclusion and Exclusion Criteria
Inclusion Criteria 
Patients aged 18 years and older, diagnosed with acute 
cholecystitis based on clinical, laboratory, and imaging 
findings, and having at least one gallstone confirmed via 
imaging were included. All participants provided informed 
consent.

Exclusion Criteria 
Patients with a history of chronic cholecystitis without acute 
exacerbation, prior cholecystectomy, or other gallbladder 
conditions (e.g., gallbladder cancer, biliary colic without 
cholecystitis) were excluded. Individuals with severe 
comorbidities, such as advanced liver disease or renal failure, 
as well as pregnant individuals and those unable or unwilling 
to comply with the study protocols, were also excluded.

Data Collection
A total of 67 patients who met the inclusion criteria underwent 
laparoscopic cholecystectomy at the Department of Surgery 
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between August 22, 2024, and September 21, 2024. The size of the gallstones was measured postoperatively using vernier 
calipers, recorded in millimeters. The severity of cholecystitis was evaluated using the Parkland grading system, which is based 
on clinical criteria [10,11]

RESULTS

Quantitative data analysis was conducted using SPSS software. Quantitative variables were represented using mean ± standard 
deviation (SD). Frequency/percentages of categorical variables were calculated. Simple linear regression was performed to 
evaluate the association between gallstone size (dependent variable) and Parkland grading (independent variable). Model 
compatibility was assessed through R-squared and adjusted R-squared values. Predictors were evaluated using t-tests and 
p-values. An ANOVA test was used to determine the overall significance of the regression model.

Demographic and Clinical Characteristics of the Study Population

Table 1.

Characteristic Data

Sample Size (N) 67

Age Range (years)  18 - 70

Gender Distribution (male, %) 50.7 

Gender Distribution (female, %) 49.3 

Gallstone Size (mm, Mean ± SD) 22.64 ± 4.66 

Gallstone Size (mm, Min) 15.11 

Gallstone Size (mm, Max) 31.35 

Parkland Grading (Mean ± SD) 10.50 ± 2.61 

Parkland Grading (Min) 1

Parkland Grading (Max) 5

Cholesterol Levels (mg/dL, Mean ± SD) 198.48 ± 16.85 

Cholesterol Levels (mg/dL, Min) 164.58

Cholesterol Levels (mg/dL, Max) 241.93

 
Figure 1.
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Histogram of Standardized Residuals
This histogram shows the distribution of standardized residuals from the regression model evaluating the relationship 
between Parkland Grading and Gallstone Size. The distribution appears approximately normal, indicating that the assumption 
of normality of residuals is satisfied for the regression model. This is crucial for validating the results and ensuring that the 
model fits the data appropriately.

Figure 2.

Scatter Plot of Standardized Residuals
This scatter plot displays the standardized residuals plotted against the predicted values of gallstone size. The randomness 
of the scatter suggests that the assumption of homogeneity is met, meaning the variance of residuals is consistent across all 
levels of the predicted variable. This further supports the validity of the regression analysis and indicates that the model does 
not suffer from significant issues with heterogeneity.
The regression analysis demonstrated a positive correlation between Parkland Grading and gallstone size. The model summary 
revealed an R-squared value of 0.325, indicating that Parkland Grading accounts for 32.5% of the variation in gallstone size. The 
adjusted R-squared value was 0.314, suggesting a good fit for the model. Additionally, the model explained 5% of the variation 
in gallstone size.

Model Summary for Regression Analysis
This table shows the model summary for the regression analysis conducted to evaluate the relationship between Parkland 
grading and gallstone size. The R-square value indicates that approximately 32.5% of the variability in gallstone size is explained 
by the Parkland grading score. The adjusted R-square value accounts for the number of predictors in the model.
An ANOVA test confirmed that the regression model was statistically significant (F = 18.101, p = 0.001), confirming that Parkland 
Grading is significantly associated with gallstone size, with higher grading corresponding to larger stones.

Table 2.

R R Square Adjusted R Square Std. Error of the Estimate

0.640  0.325        0.314                 4.04
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ANOVA Results for Regression Model
This table presents the results of the ANOVA test used to assess the overall significance of the regression model. The F-statistic 
(18.101) and p-value (0.001) indicate that the relationship between Parkland grading and gallstone size is statistically significant.
The unstandardized coefficient for Parkland Grading was 0.668 ± 0.211, and the t-value was 6.316, which was statistically 
significant at p < 0.001. This suggests that for every one-unit increase in Parkland Grading, the size of the gallstones increases 
by 0.668 mm.

Table 3.

Model Value Sum of Squares dF Mean Square F Significance (p-value)

Regression 1.638 1 1.638 18.101 0.001

Residual 1047.261 64 16.363

Total 1048.899 65

   
Unstandardized Coefficients for Regression Model
This table displays the unstandardized and standardized coefficients from the regression model. The unstandardized 
coefficient for Parkland grading is 0.668, meaning that for each unit increase in Parkland grading, gallstone size increases by 
0.668 millimeters. The standardized coefficient (Beta) for Parkland grading is 0.040, reflecting the strength of the association 
between Parkland grading and gallstone size in standardized terms. The t-values and p-values indicate the statistical significance 
of these relationships.
Residual analysis indicated that the model met all assumptions, with minimum and maximum predicted values of 21.949 
and 22.627, respectively. The residuals ranged from -7.1995 to 9.105. The mean residual value was 0.0005, with a standard 
deviation of 4.0139. These findings further support the stability of the relationship between Parkland Grading and gallstone 
size.

Table 4.

Model Unstandardized 
Coefficients (B)

Standard Error Standardized 
Coefficients (Beta)

t-value p-value

Constant 21.530                2.242 - 9.604 0.000

Parkland Grading 0.668                0.211 0.040                6.316 0.000

Residuals Analysis for Regression Model
This table presents the residual statistics for the regression model. The residuals range from -7.1995 to 9.105, with a mean 
close to zero, indicating a good fit for the model. The standardized residuals fall within an acceptable range, further supporting 
the validity of the model. The standardized predicted values have a mean of 0 and a standard deviation of 1.

Table 5.

Statistic Minimum Maximum Mean Standard Deviation N

Predicted Value 21.949 22.627    22.221 0.1587        66

Residual -7.1995 9.105     0.0005   4.0139                 66

Std. Predicted Value -1.715 2.552 0.000 1.000                66

Std. Residual -1.780 2.251 0.000 0.992                  66
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DISCUSSION

The findings of this study indicate a significant positive 
correlation between the severity of cholecystitis, as assessed 
by the Parkland grading system, and gallstone size. This is 
consistent with previous research that has demonstrated 
similar relationships between gallstone size and disease 
severity. For instance, Arguello, et al. explored the relationship 
between the Parkland grading scale and surgical difficulty 
in laparoscopic cholecystectomy, noting that higher grades 
were associated with larger gallstones, which contributed to 
greater surgical challenges [1]. Additionally, Buhavac ,et al. 
emphasized that larger gallstones often exacerbate clinical 
manifestations, including obstructive symptoms, thereby 
increasing the complexity of the treatment process[2].
The study’s regression analysis revealed that 32.5% of 
the variability in gallstone size could be attributed to 
cholecystitis severity, underscoring the importance of using 
the Parkland grading system as a predictor of gallstone size 
and disease severity. This is in line with findings by Shrestha 
et al., who validated the Parkland grading system’s role in 
predicting intraoperative challenges during laparoscopic 
cholecystectomy [3] . Similarly, Elkbuli, et al. supported the 
idea that grading systems, such as Parkland, provide vital 
information for tailoring treatment pathways in cases of 
acute cholecystitis [4] .
From a clinical perspective, this study reaffirms the utility of 
the Parkland grading system for guiding treatment decisions. 
Uçaner, et al. demonstrated the correlation between 
preoperative ultrasonography findings and the Parkland 
grading scale in determining the difficulty of laparoscopic 
cholecystectomy, further supporting the use of this grading 
system for preoperative planning [5] . The predictive value 
of the Parkland system helps clinicians anticipate potential 
complications and plan surgical interventions accordingly, 
which could improve patient outcomes.
Nevertheless, the study has several limitations that should be 
acknowledged. The cross-sectional design prevents drawing 
causal conclusions about the relationship between gallstone 
size and the severity of cholecystitis. Additionally, the study 
sample consisted primarily of elderly patients, which may 
restrict the generalizability of the findings to younger 
populations. Lee, et al. also pointed out similar limitations 
in their research, emphasizing the need for larger and more 
diverse samples to better understand the correlation between 
gallstone size and cholecystitis severity [6] .
Moreover, this study did not examine other potential 
factors influencing gallstone size, such as cholesterol levels, 
which have been previously, by Pinto, et al. identified as key 
contributors to gallstone formation [7]. Investigating the 
role of such factors in future research could provide a more 
comprehensive understanding of the variables contributing 

to gallstone size and disease severity.
Despite these limitations, the study adds to the growing body 
of literature that supports the Parkland grading system as a 
reliable predictor of disease severity in patients with gallstone 
disease. Serrano-González, et al. emphasized the importance 
of predictive grading systems in improving surgical outcomes 
by facilitating better preoperative planning [8] .
Furthermore, Baral, et al. and Schuster, et al. recommend 
conducting future research with larger cohorts to confirm 
these findings and to explore the underlying mechanisms that 
link gallstone size with clinical outcomes [9-10]. These studies 
could help identify additional risk factors, refine grading 
systems, and enhance the management of gallstone disease.
In terms of surgical practice, this study underscores the 
critical role of predictive models like the Parkland grading 
scale in optimizing patient care. Rangel-Olvera, et al. found 
that intraoperative complexity, which often correlates with 
gallstone size, is a key risk factor for conversion to open 
surgery during laparoscopic cholecystectomy [11]. This 
further reinforces the relevance of preoperative grading 
systems in anticipating potential complications and guiding 
surgical approaches.
In addition, Badawy, et al. highlighted the importance of using 
sonographic predictors for identifying difficult laparoscopic 
cholecystectomy cases, noting that larger gallstones often 
indicate a higher likelihood of complications [12] . Similarly, 
Tongyoo, et al. proposed a new classification system for 
assessing surgical difficulty in laparoscopic cholecystectomy, 
which could complement the Parkland grading scale and 
provide more nuanced risk assessments [13].
The correlation between gallstone size and surgical complexity 
has also been explored by Sah, et al., who developed an 
operative difficulty grading scale specifically for laparoscopic 
cholecystectomy, showing that larger stones are associated 
with more challenging surgeries [14]. Similarly, Gupta, et al. 
have discussed the importance of various grading methods 
for predicting difficult laparoscopic cholecystectomy and 
emphasized the value of incorporating multiple clinical factors 
into preoperative evaluations [15].
Chhoda, et al. noted that managing gallstone disease in the 
elderly can be particularly challenging due to the higher 
prevalence of large stones and severe cholecystitis in this 
population [16]. As such, grading systems like Parkland are 
especially useful in older patients for predicting disease 
severity and guiding treatment decisions.
Lastly, Murry, et al. research on managing difficult gallbladders 
suggests that clinical classification schemes such as Parkland 
are essential for identifying high-risk cases and improving 
surgical outcomes [17]. Similarly, Cripps, et al. have highlighted 
the importance of standardized classification systems for 
acute cholecystitis to ensure consistent and effective patient 
care [18].
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The limitations of the study include its cross-sectional nature, 
which restricts conclusions about causality. Furthermore, the 
study population consisted mainly of elderly patients, which 
may limit the applicability of the findings to other age groups. 
Finally, the small sample size could affect the robustness of 
the conclusions drawn. Future studies should aim to include a 
larger and more diverse population to validate these findings.

CONCLUSION

The results of this study suggest that the Parkland grading 
system is a reliable predictor of gallstone size in patients with 
cholecystitis. The regression analysis indicated that Parkland 
grading accounted for 32.5% of the variability in gallstone 
size, with a statistically significant correlation observed. This 
relationship underscores the clinical utility of the Parkland 
grading system, not only in assessing disease severity but also 
in guiding surgical and medical management.
Future studies should explore the role of additional factors, 
such as metabolic indicators, in predicting gallstone size and 
disease progression. Furthermore, expanding the sample 
size and including a more diverse patient population could 
provide a broader understanding of the relationship between 
cholecystitis severity and gallstone size, as recommended by 
Murry & Babineau and Cripps & Weber.Despite the limitations 
of the current study, it reinforces the value of the Parkland 
grading system in predicting the severity of cholecystitis and 
gallstone size. While future research is needed to address 
the limitations and explore additional factors, the findings 
contribute to the evidence supporting the use of grading 
systems for optimizing the management of gallstone disease.
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