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Results

In total, 69 patients met the inclusion criteria (32
females and 37 males).

The univariate analysis showed that four predictors
were statistically significant in their predictive
capability of graft diameter including age
(coefficient (95% CI) 0.11 (0.04,0.18), p= 0.002),
sex (0.40 (0.15,0.66), p=0.002), height (0.035
(0.025,0.045), p <0.001), and weight (0.013
(0.007,0.021), p<0.001). BMI did not have
statistically significant predictive capability of graft
diameter (0.016 (-0.01,0.04), p=0.230) [Table 2].

Height was found to be the best predictor of the
four significant variables in predicting graft
diameter based on an adjusted r2 value, which
represents a goodness of fit in a linear model.
Multiple linear regression analysis was also used
to determine the predictive capability of significant
variables. Multiple combinations of variables were
analyzed and their significance determined. No
combination of variables produced a stronger
predictive capability than by using height as a
single predictive factor. [Table 3].

The regression analysis using height to predict
graft diameter produced the following equation:
Graft diameter (mm) = 0.035 height (cm) + 1.70
[Table 4].

Abstract

The incidence of anterior cruciate ligament tears and
subsequent reconstructions in the pediatric population
has significantly increased over the last twenty years.
Hamstring autograft reconstruction is a common
approach for ACL reconstruction in the pediatric
population. We attempted to determine patient
specific factors that would allow us to estimate the
patient’s probable quadrupled hamstring graft
diameter preoperatively.

A retrospective chart review was utilized to extract
data on patients under the age of 18 who underwent
ACL reconstruction by one orthopedic surgeon from
the years 2012 to 2015. Each patient’s age, sex,
height, weight, BMI, and graft diameter was recorded.
Correlation coefficients and linear regression analysis
were used to ascertain associations between each of
the specified predictors with graft diameter as the
outcome measure.

Regression analysis showed a significant predictive
capability of the variables, including age, sex, height,
weight. Of the four significant variables in our study,
height was determined to be the strongest
predictor of graft diameter.

ACL hamstring autograft diameter in a pediatric
population can most accurately be predicted using the
patient’s height. These results are valuable in
determining the treatment plan for children
undergoing ACL reconstruction, and provide useful
insight for counseling families prior to ACL
reconstruction.

Discussion and Conclusions

This study utilized a retrospective chart review to
determine the predictive capability of patient
characteristics on quadrupled hamstring autograft
diameter used in ACL reconstruction in a pediatric
population. Patient characteristics including age,
sex, height, and weight were all determined to have
a significant correlation with autograft diameter. Of
these four significant predictive variables, height
produced the strongest predictive correlation with
the outcome measure.

The literature suggests that there is a decreasing
likelihood of failure for every .5mm increase in graft
diameter greater than 7mm. The results produced
by this study may be useful in predicting patients
with smaller graft diameters, which could correlate
with an increased risk of failure. The linear
regression equations shown in Table 4 can be used
to quickly calculate the estimated graft diameter.
Height being the strongest predictive variable,
regardless of patient sex, height less than 150 cm
(59 inches) is predictive of a graft diameter less
than 7 mm.

Our study adds further evidence to using patient
height as a reliable predictor of ACL autograft
diameter, as well as the capability of using patient
age, sex, and weight.

Methods

A retrospective chart review of pediatric orthopedic 
patients who underwent ACL reconstruction with a 
quadrupled hamstring autograft by one surgeon at 
a large children’s hospital completed between 2012 
and 2015. Data gathered included the patients’ 
age, sex, height, and weight. The patients’ height 
and weight were used to calculate Body Mass 
Index (BMI). These patient descriptors were 
compared with the intraoperatively measured 
quadrupled hamstring graft diameter. Statistical 
methods were then used to determine factors 
predictive of graft size. 

Demographic and clinical characteristics were 
assessed using means, standard deviations for 
continuous variables and frequencies, and 
proportions for categorical variables. Univariate 
analysis via linear regression was conducted to 
ascertain associations between each of the 
specified predictors with graft diameter as the main 
outcome.

Introduction

The rise in the rate of injury of the anterior cruciate
ligament (ACL) in the pediatric and adolescent
population has been a focus of several studies and a
concern of providers and families of young athletes.

As the rate of ACL reconstruction in the pediatric
population increases, decreasing the risk of athletes
sustaining a second tear in the ipsilateral knee is a
primary concern. In recent publications, the size of
the autograft has also been shown to be a significant
factor influencing the risk of re-tear after ACL
reconstruction with autograft.

In a retrospective review of pediatric and adolescent
patients undergoing ACL reconstruction, we
attempted to identify factors that would allow us to
predict quadrupled hamstring autograft diameter
preoperatively. This estimation could assist in the
preoperative planning and in counseling families
regarding option for possible graft augmentation and
risks of re-tear.
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 Total Males Females P-value 
Age (years) 15.1 ± 1.8 15.2 ± 1.9 14.8 ± 1.7 0.009 
Height (cm) 168.6 ± 10.5 174.2 ± 10.4 162.2 ± 5.9 <0.001 
Weight (kg) 68.8 ± 17.5 73.4 ± 19.9 63.6 ± 12.7 <0.001 
BMI (kg/m2) 23.9 ± 4.9 23.9 ± 5.4 24.1 ± 4.6 0.21 
Graft (mm) 7.6 ± 0.56 7.8±0.63 7.4±0.26 0.001 

 Table 1. Demographic and clinical characteristics stratified by sex.

Graft Diameter (mm) 
 Coefficient (95% CI) P-value 

Age (years) 0.11 (0.04,0.18) 0.002 
Sex 

Female 
Male 

 
Ref 

0.40 (0.15,0.66) 

0.002 

Height (cm) 0.035 (0.025,0.045) <0.001 
Weight (kg) 0.013 (0.007,0.021) <0.001 
BMI (kg/m2) 0.016 (-0.01,0.04) 0.23 

 Table 2. Coefficient (95% CI) and P-value calculated using Univariate analysis via simple 
linear regression. 

Graft Diameter (mm) 
 Adjusted R2 P-value 

Height 0.4172 <0.001 
Age, sex, height, weight, 

BMI 
0.4153 <0.001 

Age, sex 0.2198 0.0001 
Weight 0.1769 0.002 

Age 0.1268 0.0016 
Sex 0.1164 0.0024 

 Table 3. Assessing goodness of fit of selected covariates using linear regression. 

Graft Diameter (mm) 
 Linear regression equation 

Height Y=1.70+0.035(height,cm) 
Weight Y=6.66+0.014(weight, kg) 

Age Y=5.90+0.11(age, years) 
Sex Y=7.41+0.40(M=1,F=0) 

Sex+Age Y=5.87+0.36(M=1,F=0)+0.10(age,years) 
 Table 4. Linear regression equations of selected variables predicting graft diameter.
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