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Selection between Methods  
In the absence of complete longitudinal 

data, common statistical methods used in 
the  longitudinal data analysis involve paired 
t tests (for pairwise timepoint comparisons), 
mixed effect model, or a generalized 
estimating equation. However, the choice is 
based on the research  goal, nature of the data 
and its distribution. In a scenario, where the 
BMI of subjects is compared  before and after 
Anterior Cruciate Ligament Reconstruction 
(i.e. at two time points), a paired t test would 
be suitable to compare the mean BMI scores, 
considering the normality assumptions.  For 
instance, a researcher hypothesizes that the 
pain score of subjects undergoing Anterior  
Cruciate Ligament Reconstruction will 
significantly vary across multiple time points 
post surgery. Here, to evaluate the scores, a 
Repeated Measures ANOVA model might be 
helpful. The  RM ANOVA model will generate 
the mean values for those subjects given 
complete data is  available. These methods, 
such as the repeated measures ANOVA and 
paired t tests, may not be  an appropriate 
technique to handle subject level variation, 
correlated data, unbalanced time  points, and 
missing data. While handling the repeated 
measures, it is essential to understand the 
statistical assumptions of dependence within 
the subjects to improve the model fitness. To  
account for this non-independence within the 
subjects, the two techniques - mixed effect 
models  and generalized estimating equations 
can be applied. The advantage of these 
methods is that they  allow the model to be 
more flexible by producing precise estimates 
and considering the variance  per subject 
level3,4,5,7. 

Mixed Effects Models 
While carrying out a longitudinal study 

with the same subjects over time, it is crucial 
to  account for the inter and intra-subject 
level variance, ignoring to control the subject 
level  variation can produce biased results 
(Figure 1)7. In a scenario, a researcher aims to 
estimate the  time to union after surgery for 
those who had tibial fractures over multiple 

Introduction 
Conducting longitudinal research in 

pediatric orthopaedic surgery is crucial 
for  understanding the dynamic changes in 
recovery or the disease progression patterns 
in children.  However, there are a multitude 
of reasons to conduct longitudinal analysis 
in pediatric  orthopaedic research, the major 
goal would be to optimize clinical decision-
making by evaluating the impact of surgical 
intervention post-surgery1,2. 

Purpose of Longitudinal Research 
In contrast to cross-sectional studies, 

where the data is collected at a single 
time point,  longitudinal data deals with 
the repeated measures that are collected 
at multiple time points on  the same 
individuals in a retrospective, prospective 
or an experimental manner. The repeated  
measures data commonly includes functional 
/clinical outcomes to measure the success of  
surgical intervention, health-related quality 
of life to develop consensus on the efficacy 
of  quality-of-life, and the serial radiographic 
measurements of the bones to comprehend 
the overall  progression of the recovery that is 
critical to the timing of interventions. Besides 
this, it enables  the researchers to proactively 
mitigate the risks by better forecasting the 
complications rate and  also the return to play 
activities post-surgery. One major challenge 
in collecting and analyzing  longitudinal data 
is its tendency for incompleteness (missing 
values in certain time points) or  non-
uniform timepoints where data is collected. 
While the latter could be dealt with using  
appropriate assumptions as often it is not 
crucial that data be collected at the same 
timepoints  (i.e. baseline, 3 months, 6 months 
etc.) but rather sometimes in the vicinity 
(i.e. baseline,  3months, 5-7 months, etc.), 
the former is more challenging to deal with 
methodologically2-8.  This review will outline 
the statistical recommendations for leading a 
longitudinal study, especially those that can 
deal with incomplete data. 
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Conclusion 
Longitudinal studies are ranked higher in the level of 

scientific evidence as they  unravel causal inference at 
patient level, which is a critical element in clinical research.  
Therefore, for successful completion of longitudinal study, 
it is also imperative to satisfy the  ethical requirements and 
consider the time and financial constraints8. 
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time points and wants  to predict the factors that influence 
the time to union. In this case, it would be best to develop 
a  mixed effect model to measure the time to union by 
controlling with the covariates (i.e. fixed  effects) and 
estimating the variation in individual patients (i.e. random 
effects). This model  incorporates a multilevel approach 
by accommodating the model with the fixed effects such 
as  age, sex, BMI, type of procedure, any relevant clinical 
or radiographical measurements, and  considering the 
subject level variability because the effect of surgery might 
differ within the  patient and between the patients. The 
advantage of this mixed effect model is that it handles the  
missing data points by utilizing the available observations, 
while retaining the sample size, which leads to precise 
estimates3,6,7.  

Generalized Estimating Equations (GEE) 
If the research goal is to estimate the functional 

outcomes in a population level of a  surgical procedure 
performed in childhood and adolescent groups, which is 
repeatedly measured  across different time points. Based 
on the research question, to measure the trend and to 
estimate  if there is a significant difference in the average 
functional outcome score across the groups, over  multiple 
time points, a generalized estimating equations (GEE 
Model) might be a helpful tool.  Unlike the mixed effect 
model that accounts for between-subject level variability. A 
GEE model  uses a correlation matrix to adjust the variation 
for the repeated measurements within the  subjects. Like a 
Mixed-Effect Model, the GEE also considers those subjects 
with limited data  points but handles the missing data in a 
complete random fashion. A GEE model is a more  suitable 
model where the measurements from the same subject 
within each group tend to be correlated or measured in 
closed time intervals4,5,7. 

Figure 1. Inter and Intra Patient Level Variance7.
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