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Background  
Understanding the relationship between the radii of the medial/lateral femoral condyles 
(MFC/LFC respectively) is important for restoring kinematics in knee arthroplasty. The 
objective of this study is to use a large cohort of patient magnetic resonance Images 
(MRIs) to investigate whether asymmetry exists between the radii of the medial/lateral 
femoral condyles. 

Methods  
Patients recruited into the Osteoarthritis Initiative (OAI) with knee MRIs were included. 
Using a validated machine learning algorithm, the radii of each condyle was calculated. 
The study sample was split into cohorts depending on medial and lateral compartment 
wear patterns of each knee in addition to their KL classification. The radii of each condyle 
in each cohort were compared using paired t-tests. Finally, a multivariable regression was 
run to evaluate factors that could impact differences between medial/lateral condylar 
size. 

Results  
6,829 MRIs were included in this study of which 89% were classified as varus knees. The 
average best fit radius of the MFC was significantly smaller than that of the LFC (15.3mm 
vs. 16.8mm, p<0.001) in general and in patient knees with medial wear with KL 0, 1, 2, 3 
and 4 and patient knees with lateral wear with KL 0, 2, 3, and 4. After adjusting for age, 
BMI, and Gender, patients with lateral wear patterns and patients with increasing KL 
score had a statistically significant larger lateral condylar size. 

Conclusion  
ML was effectively used to automate the measurement of femoral condyle size suggesting 
that the LCF has a slightly larger radius than the MFC and is not hypoplastic. 

INTRODUCTION 

In the quest to address the well documented dissatisfaction 
with the clinical outcomes of TKA first identified in the 
early 2000’s (Gunaratne et al. 2017), device manufacturers 
and surgeons have refined implant design and surgical 
techniques for TKA (Taunton 2019). Various options are 
now available with respect to femoral condylar and tibial 
articulation geometry such as constant vs. variable femoral 
radius designs and medial pivot vs. cruciate substituting 
models to name some options (Dall’Oca et al. 2017; Saba
tini et al. 2018). Further, the use of computer guidance, ro
botics, personalized cutting guides, and navigation-based 
tools have been brought to bear to further minimize sur
gical variation from the intended outcome (Antonios et al. 
2019; Chughtai et al. 2017; Franceschi and Sbihi 2014). 
One area that has recently come under attention in the 

arthroplasty literature is the bony anatomy of the distal fe
mur and its relationship to the rotational axis of the knee 
(Castelli et al. 2016; Nam et al. 2020). An understanding of 
this relationship is integral to efforts at restoring normal 
kinematics and proprioception following total knee arthro
plasty (TKA) (Karuppal 2016). The primary rotational axis 
of the tibio-femoral articulation is the flexion-extension 
axis of the femur. This axis is dependent and defined by the 
surface anatomy of the distal medial and femoral condyles 
(Eckhoff et al. 2005). There is a generally held assump

tion that the lateral femoral condyle (LFC), particularly in 
“valgus” knees, is smaller (hypoplastic) than the medial 
femoral condyle (MFC) (Chhabra, Elliott, and Miller 2004). 
However, a paper by Howell et al. demonstrated that the ra
dius of the lateral condyle was significantly 0.1mm larger 
than the medial condyle in 155 varus knees, and that the 
lateral condyle was 0.2mm larger than the medial condyle 
in 44 valgus knees (Howell, Howell, and Hull 2010). These 
studies, however, used small cohorts and manual measure
ments which may have limited their external validity. It is 
also unknown if the subchondral plate and by extension 
the radius of femoral condyles is impacted by arthritis, age, 
gender, or weight. 
Underpinning many of these efforts is an everchanging 

understanding of the variation in human anatomy that con
tinues to improve as more data becomes available from the 
digitization of clinical imaging and the availability of ge
nomic and sensor generated data that was previously not 
accessible. Along with these new data sets, we are also 
seeing the increasing use of new tools with which to un
derstand the vast quantities of data that are being gener
ated (Beam and Kohane 2018; Pastorino et al. 2019). Artifi
cial intelligence techniques implemented by data scientist 
and centered primarily around machine learning (ML) algo
rithms that identify associations rather than causation are 
becoming more common in the orthopaedic literature (Cab
itza, Locoro, and Banfi 2018; Maffulli et al. 2020). Specifi

The Lateral Femoral Condyle is not Hypoplastic Relative to the Medial Condyle in 6829 Magnetic Resonanc…

Journal of Orthopaedic Experience & Innovation 2



Click here to learn more about The Orthopaedic Implant Company           

cally, machine learning has been shown to be able to seg
ment knee MRIs and differentiate between cartilage, bone, 
and meniscus with a high degree of accuracy using auto
mated segmentation techniques (Norman, Pedoia, and Ma
jumdar 2018; Morales Martinez et al. 2020). ML has there
fore emerged as a useful tool that can help conduct highly 
accurate large scale anatomic studies without the man
power required to manually review each image and which 
addresses concerns with interobserver variability often as
sociated with manual measurements (Shah et al. 2019). 
The osteoarthritis initiative (OAI) is a database that pro

vides a unique opportunity to apply ML techniques to study 
knee anatomy by making available high quality and consis
tently gathered digitized imaging data on a large popula
tion of patients (Eckstein et al. 2014). Patients included in 
the OAI have detailed demographic as well as high quality, 
research grade MRI images. The objective of this study was 
to leverage the OAI data base and ML techniques to mea
sure and analyze femoral condylar radii on MRI images and 
determine conclusively if there is a difference in size be
tween the medial and lateral femoral condyles of the hu
man knee and if basic demographic factors or the stage and 
wear pattern of arthritis influence any measured asymme
try between the radii. 

METHODS 

STUDY SAMPLE 

Patients in our analysis were selected from the Osteoarthri
tis Initiative (OAI) which contains demographic data, knee 
radiographs, and knee MRI studies on 4,796 patients (Eck
stein et al. 2014). Each patient had imaging for either one 
or both of their knees. Information on patient age, gender, 
body mass index (BMI), and Kellgren Lawrence (KL) grade 
was collected. The Kellgren Lawrence (KL) grade in the OAI 
is determined by two expert readers with greater than 50 
years of combined experience. They independently assess a 
weight bearing x-ray of each knee and are blinded to both 
each other’s reading and the subject’s clinical data. Only 
MRI series using DESS (double echo steady state) on a 3T 
MRI machine were included in our analysis. 

BONE SEGMENTATION 

A validated machine learning segmentation model was 
used to identify which pixels of each MRI image repre
sented which tissue type for each series of MRI images. 
The model used in this study was a convolutional neural 

network (CNN) which converts the greyscale value of each 
pixel of an MRI image to one of several numbers repre
senting several tissue types, including bone, cartilage, and 
meniscus. 
The neural network model chosen for this problem is 

based on the U-Net architecture which has previously 
shown promising results in the task of segmentation par
ticularly for medical images. The model was trained on 25 
images which had been manually segmented by at our host 
institution. The resulting automatic segmentation model 
has previously been shown to accurately predict manual 
segmentation of a bone on a 60-image test dataset within 
0.51mm and with an accuracy of 0.965 (Morales Martinez 
et al. 2020). This automatic segmentation was found to 
have comparable longitudinal precision to manual segmen
tation. 

DATA COLLECTION 

We calculated the radii of both the medial and lateral 
femoral condyle in each knee based on previously published 
methodology (Howell, Howell, and Hull 2010). It has been 
shown in several past papers that there is a bony arc from 
10 to 160 degrees on both the medial and lateral posterior 
condyles that forms a perfect circle (Howell, Howell, and 
Hull 2010). Points along this arc have been used to define a 
circle and then calculate the area and radius of that circle. 
We set out to replicate and automate this methodology. 
First, we aligned the MRIs so that the anatomic axis of 

the femoral shaft was parallel to the vertical axis of the im
age. The varus/valgus coronal axis was set by creating a line 
in between the distal femoral condyles and aligning that 
line to the horizontal axis of the image (Appendix I). The 
rotational axis was set by creating a line in between the 
posterior femoral condyles and aligning it to the vertical 
axis (Appendix II). This set the sagittal plane of the images 
that we would use to conduct our analyses. Next, for each 
femoral condyle, we selected 3 random points in the same 
sagittal plane along the subchondral bone of the femoral 
condyle to define circle subtended through a 10- to 135-de
gree arc. A visual depiction of this automated analysis is 
depicted in Figure I. A smaller arc was used when compared 
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Figure 1. A perfect fit circle was created over the         
sagittal image of the most posterior projection of the          
posterior femoral medial and lateral condyle (as        
depicted in the red).     
3 points were picked at random on the arc between 10 degrees and 135 degrees as noted 
by the blue lines above. 

to previous papers (such as a 10-to-160-degree arc used 
by past papers [Howell, Howell, and Hull 2010; Matsuda et 
al. 2004].) to avoid the influence of posterior osteophytes 
which could have led to a miscalculation of the radius of 
the circle when using automated algorithms. Another circle 
was created from a second set of 3 points lying in the same 
plane and within the same arc as the prior circle which was 
compared to the original circle. If the radius between both 
circles had a difference larger than 1mm, the analysis was 
repeated with 2 new sets of 3 points along the arc. This cre
ation of 2 circles was repeated until there was agreement 
within 1mm between the circles. 

DATA ANALYSIS 

For this analysis, we defined medial and lateral wear pat
terns by calculating the difference in the size of the articu
lar gaps between the distal femur and proximal tibia in the 
medial and lateral compartments of each knee. Knees with 
medial wear patterns were defined as having a smaller me
dial than lateral compartment gap, while knees with lateral 
wear patterns were defined as having a smaller lateral than 
medial compartment gap. Knees with equal compartment 
gaps were considered to have a neutral wear pattern (de
fined as equal or bicompartmental wear). 
We calculated the differences between the medial and 

lateral condylar radii for each MRI as well as the average 
and standard deviation for medial and lateral femoral 
condyle radius. These variations were sorted by KL score 
and compared with unpaired t-tests. We further investi
gated the variation of condylar radius in our sample by 
calculating the coefficient of variation based on increasing 
KL score. The coefficient of variation is a measure used to 
create a standardized measure of dispersion in a sample 
(Shechtman 2001). 

Finally, we created a multivariable linear regression to 
investigate the risk-adjusted effect of each demographic 
variable (age, sex, and BMI), wear pattern (medial vs. lat
eral), and KL score on (1) the difference between the radii 
of the medial and lateral femoral condyle. 

RESULTS 

6,829 knees were included in this study, of which 89% of 
the sample had a medial wear pattern and 85% of the pa
tients were considered “non-arthritic” with a KL score of 0, 
1, or 2 (Table 1). The average age of non-arthritic patients 
in the cohort was 60, while the average age of patients with 
osteoarthritis (KL score 3 or 4) was 64 years of age. The av
erage BMI of non-arthritic patients in the cohort was 28, 
while the average BMI of patients with osteoarthritis was 
30. 
The average medial and lateral condyle size in all pa

tients was 15.31mm and 16.75mm respectively (p<0.001). 
The difference in condylar radius between medial and lat
eral wear pattern patients sorted by KL score is depicted in 
Table 2. In patients with medial wear with KL 0, 1, 2, 3, and 
4, the MFC was significantly smaller than the LFC (15.7mm 
vs. 16.4mm, 15.6mm vs. 16.5mm, 14.7 vs. 16.2mm, 15.0 
vs. 17.1mm, 16.4 vs. 23.1mm, respectively; all p <0.01). 
The difference in condyle size in patients with medial and 
lateral wear patterns is depicted in Figure 2 and 3, re
spectively. As KL score increased, the average difference in 
radius between condyles also increased (Table 3). The co
efficient of variation for KL 0 knees was 0.419 and for KL 4 
knees it was 0.842. 
After adjusting for age, BMI, and sex, patients with a lat

eral compartment wear pattern and patients with greater 
KL scores had a larger difference in radius between their 
lateral and medial condyle (p=0.003, p <0.001, respectively) 
(Table 4). 

DISCUSSION 

This aim of this paper was to quantify whether there is a 
difference in the radius of the medial and lateral femoral 
condyles in the human distal femur. Contrary to the gen
erally accepted belief that LFC is “hypoplastic” relative to 
the MFC, our study of over 6,800 patients demonstrates 
that the radius of curvature of the posterior condyles are 
roughly the same size and that where there is a difference, 
the LFC is the larger of the two condyles. We further iden
tified an interesting association between advanced os
teoarthritis and a greater mismatch in condylar radius. In 
fact, the lateral condylar radius is larger than the medial 
one in patients with more severe arthritis grades. The gen
eral misperception that the lateral femoral condyle is 
smaller than the medial is therefore not anatomically based 
but rather caused by the arbitrary realignment of the joint 
line into a fixed, non-anatomic position subjectively 
aligned to the patient’s mechanical axis that differs from 
their native alignment, regardless of the arthritic state of 
the knee. This could have implications in surgical tech
nique and implant design for arthroplasty surgeons. 
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Table 1. Demographic Info   

Healthy Patients (KL 0, 1, 2) 
(n = 5,720) 

OA Patients (KL 3, 4) 
(n = 1,109) 

Medial Wear Patients 
(n = 5,148) 

Lateral Wear Patients 
(n = 572) 

Medial Wear Patients 
(n = 941) 

Lateral Wear Patients 
(n = 168) 

Age 60 (9.0) 61 (9.2) 64 (9.0) 63 (9.0) 

Female Sex (%) 3124 (61%) 345 (60%) 486 (52%) 71 (43%) 

BMI 28 (4.9) 28 (4.5) 30 (4.8) 30 (4.7) 

*Average (STD) for Continuous Variables, Number (%) for Categorical Vars 

Table 2. Average (Standard Deviation) of Condyle Radius in MIlimeters in Medial vs. Lateral Wear Patients               
Sorted by KL Score.     

Medial Wear Patients Lateral Wear Patients 

Medial 
Femoral 
Condyle 
Radius 
(mm) 

Lateral 
Femoral 
Condyle 
Radius 
(mm) 

Difference 
in 

size 
(mm) 

P-Value Medial 
Femoral 
Condyle 
Radius 
(mm) 

Lateral 
Femoral 
Condyle 
Radius 
(mm) 

Difference 
in 

size 
(mm) 

P-Value 

KL 0 
(n=2,672) 

15.7 (7.5) 16.4 (6.2) 0.7 p<0.001 14.3 (2.8) 16.5 (6.7) 2.2 p<0.001 

KL 1 
(n=1,254) 

15.6 (6.5) 16.5 (7.5) 0.9 p = 
0.0021 

15.1 (2.7) 15.3 (2.6) 0.2 p = 0.46 

KL 2 
(n=1,794) 

14.7 (4.7) 16.2 (7.5) 1.5 p<0.001 16.1 (9.4) 18.2 
(11.7) 

2.1 p = 
0.020 

KL 3 
(n=882) 

15.0 (8.2) 17.1 
(10.1) 

2.1 p<0.001 13.7 (3.1) 20.9 
(19.1) 

7.2 p<0.001 

KL 4 
(n=227) 

16.4 
(12.2) 

23.1 
(21.6) 

6.7 p<0.001 14.3 (6.8) 19.5 
(14.3) 

5.2 p = 
0.024 

Differences Between Medial and Lateral Condyle Radius in each Subgroup with Unpaired T-Tests 

With respect to the absolute and relative radii of the 
femoral condyles, our study documented an average vari
ance of 1.44mm between the medial and LFC that has been 
previously documented by smaller studies (Siebold et al. 
2009; Papaioannou, Tashman, and Nelson, n.d.). Other au
thors have found no significant difference between the me
dial and lateral femoral condyle. A study by Matsuda et al. 
in 30 normal, 30 varus aligned osteoarthritic, and 30 val
gus aligned osteoarthritis knees found no difference in me
dial and lateral femoral condyle size in any of the subgroups 
(Matsuda et al. 2004). A paper by Howell et al. studying 
155 varus aligned knees found that the radius of the LFC 
was significantly larger than the medial condyle (Howell, 
Howell, and Hull 2010) by 0.1mm. Our study is the first 
to investigate this finding on a large scale in both healthy 
and osteoarthritic patients with different wear patterns and 
suggests that the lateral condyle is truly larger than the me
dial condyle in all knees when studied at a population level. 
However, it is worth pointing out that the small average 

difference in the radii belies the occasionally large, statis
tically significant variance that we documented in several 
subsets of patients, particularly those with advanced os
teoarthritis. This difference persists after adjusting for the 
variables available to us using a regression model. Coupled 
to our previously published data of differences as large as 
3.46mm in the thickness of articular cartilage over the dis
tal femoral condyles (0 to 3.46mm) in some patients (Shah 

et al. 2019), this information suggests that the anatomy 
of the distal femur is more complex and varied than has 
been previously considered and supports a personalized 
(rather than standardized) approach to the reconstruction 
of the knee joint if the goal is to restore normal physiology, 
kinetics and kinematics in the pursuit of the “forgotten 
knee”. Whether or not there is a causal relationship be
tween a larger difference in side-to-side condylar radius 
and arthritis progression, the relationship is secondary (ie: 
osteoarthritis leads to the wear or remodeling of the 
condyles), or it is an unrelated finding cannot be stated 
from our data. A longitudinal data set would be required to 
identify a causal relationship. 
Lastly, this is one of several recent papers using machine 

learning to understand variation in human anatomy using 
large datasets of digital images (Kijowski et al. 2020). The 
importance of so doing is to better quantify the breadth 
of variation in human anatomy which previously simply 
could not be done. In time, a clearer understanding of the 
variation of normal anatomy will help us move towards a 
more personalized approach to the reconstruction of joint 
replacements that considers such variation and, hopefully 
moves us closer to the holy grail of the “forgotten knee”. 
As this is bony anatomy, it is possible that further machine 
learning techniques will be able to make the same measure
ments on less invasive imaging modalities like X-Ray and 
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Figure 2. This chart demonstrates the difference in medial and lateral femoral condyle radius in patients with                
varus alignment.   
The vertical axis has the size of the femoral condyle radius in millimeters and the horizontal axis is the different patient cohorts sorted by KL grade 

Figure 3. This chart demonstrates the difference in medial and lateral femoral condyle radius in patients with                
valgus alignment.   
The vertical axis has the size of the femoral condyle radius in millimeters and the horizontal axis is the different patient cohorts sorted by KL grade 

CT scans which may make measurements like these much 
easier and cheaper to conduct. 
The strengths of this study are numerous. First, the use 

of an automated, highly reproducible, and consistent veri
fied algorithm-driven model for measurement of bony con
tours on MRI minimizes possible concerns related to in
terobserver variability introduced by the manual 
measurement of planar images. Second, the size of the co

hort in question ensures that any patterns reported in the 
analysis are likely representative of variations that exist in 
the population under study. Third, our regression analysis 
considers several possible confounding factors that might 
otherwise influence the results reported. Fourth, the results 
confirm and are consistent with other smaller studies using 
both radiographs and computed tomography on this topic. 
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Table 3. Measuring changes in variation as KL score        
increases.  

Coefficient of Variation (Standard 
Deviation/Average) 

KL 0 
(n=2,672) 

0.419 

KL 1 
(n=1,254) 

0.418 

KL 2 
(n=1,794) 

0.439 

KL 3 
(n=882) 

0.616 

KL 4 
(n=227) 

0.842 

Table displays the Coefficient of Variation (Standard Deviation/Average) of Condyle Size 
Based on KL Score 

Table 4. Multivariate Regression Results Predicting     
Difference in Condyle Size (Lateral Condyle Size –         
Medial Condyle Size)    

Patient Characteristic Coefficient P=Value 

Age -0.287 p = 0.033 

BMI -0.204 p = 0.144 

Female Gender -0.288 p = 0.262 

Lateral Wear 1.211 p = 0.003 

KL Score 0.815 p <0.001 

There are several limitations to this study. First, we were 
not able to account for race or height in the analysis as 
these data points were not available. However, it is unlikely 

Click here to learn more about Pacira        

that the ratios of the femoral condylar radii will vary even 
if the absolute radius of the condyles may vary in different 
populations. In addition, we used an automated method for 
calculating femoral condylar radius that matched previous 
methodology in terms of anatomic landmarks but acknowl
edge that the measurement method itself has not been val
idated and may not be as accurate as manual techniques. 
However, the methodology for the definition of the mar
gins of the subchondral bone are accepted and validated, 
and the definition of a circle and its diameter based on two 
points on the circumference is based on a mathematical 
equation which is applied consistently across each image. 
Therefore, we believe that even if there were a minor dif
ference in the absolute value of the radii if compared to a 
manual measurement, the reported ratio of the radii, which 
is the core goal of this paper, should not differ particularly 
as each measurement was repeated and validated using dif
ferent points. Further, the magnitude of the radii we are 
reporting is comparable to those reported in past papers 
investigating femoral radius with manual techniques. Fi
nally, it is possible that focal wear patterns of the posterior 
condyle may impact the calculation/identification of a per
fect circle radius especially if there was a significant “flat 
spot” on a specific point of the condyle. However, we think 
that by calculating 2 circles on the same arc and comparing 
their sizes helped avoid this bias. Finally, only 11% of the 
knees were identified as lateral wear knees and this may not 
have been adequately powered to identify lateral condylar 
hypoplasia. However, there was still a large number of pa
tients in this group given the large amount of patients in 
this study which makes it unlikely to have type II error. 

Submitted: October 06, 2022 EDT, Accepted: January 22, 2023 
EDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information. 

The Lateral Femoral Condyle is not Hypoplastic Relative to the Medial Condyle in 6829 Magnetic Resonanc…

Journal of Orthopaedic Experience & Innovation 7

https://journaloei.scholasticahq.com/article/68135-the-lateral-femoral-condyle-is-not-hypoplastic-relative-to-the-medial-condyle-in-6829-magnetic-resonance-images-irrespective-of-gender-age-or-extent/attachment/136081.jpeg
https://www.pacira.com/products/?utm_source=hcp&utm_medium=banner&utm+campaign=ppnpus1328


REFERENCES 

Antonios, Joseph K., Shane Korber, Lakshmanan 
Sivasundaram, Cory Mayfield, Hyunwoo Paco Kang, 
Daniel A. Oakes, and Nathanael D. Heckmann. 2019. 
“Trends in Computer Navigation and Robotic 
Assistance for Total Knee Arthroplasty in the United 
States: An Analysis of Patient and Hospital Factors.” 
Arthroplasty Today 5 (1): 88–95. https://doi.org/
10.1016/j.artd.2019.01.002. 

Beam, Andrew L., and Isaac S. Kohane. 2018. “Big Data 
and Machine Learning in Health Care.” Jama 319 
(13): 1317–18. https://doi.org/10.1001/
jama.2017.18391. 

Cabitza, Federico, Angela Locoro, and Giuseppe Banfi. 
2018. “Machine Learning in Orthopedics: A 
Literature Review.” Frontiers in Bioengineering and 
Biotechnology 6:75–75. https://doi.org/10.3389/
fbioe.2018.00075. 

Castelli, C.C. et al. 2016. “Rotational Alignment of the 
Femoral Component in Total Knee Arthroplasty.” 
Annals of Translational Medicine 4 (1): 4–4. 

Chhabra, A., C.C. Elliott, and M.D. Miller. 2004. 
“Anatomy and Biomechanics of the Knee.” In The 
Multiple Ligament Injured Knee: A Practical Guide to 
Management, edited by G.C. Fanelli, 1–17. New York, 
NY: Springer New York. 

Chughtai, Morad, Anton Khlopas, Iyooh U. Davidson, 
George A. Yakubek, Kim L. Stearns, and Michael A. 
Mont. 2017. “Custom Cutting Guides in Total Knee 
Arthroplasty.” Annals of Translational Medicine 5 (10): 
216–216. https://doi.org/10.21037/atm.2017.02.20. 

Dall’Oca, C. et al. 2017. “Evolution of TKA Design.” Acta 
Bio-Medica : Atenei Parmensis 88 (2S): 17–31. 

Eckhoff, Donald G., Joel M. Bach, Victor M. Spitzer, Karl 
D. Reinig, Michelle M. Bagur, Todd H. Baldini, and 
Nicolas M.P. Flannery. 2005. “Three-Dimensional 
Mechanics, Kinematics, and Morphology of the Knee 
Viewed in Virtual Reality.” Journal of Bone and Joint 
Surgery - American Volume 87 (Suppl 2): 71–80. 
https://doi.org/10.2106/jbjs.e.00440. 

Eckstein, Felix, C Kent Kwoh, Thomas M Link, and for 
the OAI investigators. 2014. “Imaging Research 
Results from the Osteoarthritis Initiative (OAI): A 
Review and Lessons Learned 10 Years after Start of 
Enrolment.” Annals of the Rheumatic Diseases 73 (7): 
1289–1300. https://doi.org/10.1136/
annrheumdis-2014-205310. 

Franceschi, J.P., and A. Sbihi. 2014. “3D Templating and 
Patient-Specific Cutting Guides (Knee-Plan®) in 
Total Knee Arthroplasty: Postoperative CT-Based 
Assessment of Implant Positioning.” Orthopaedics & 
Traumatology: Surgery & Research 100 (6, 
Supplement): S281-286. 

Gunaratne, Rajitha, Dylan N. Pratt, Joseph Banda, 
Daniel P. Fick, Riaz J.K. Khan, and Brett W. 
Robertson. 2017. “Patient Dissatisfaction Following 
Total Knee Arthroplasty: A Systematic Review of the 
Literature.” Journal of Arthroplasty 32 (12): 3854–60. 
https://doi.org/10.1016/j.arth.2017.07.021. 

Howell, Stephen M., Stacey J. Howell, and Maury L. 
Hull. 2010. “Assessment of the Radii of the Medial 
and Lateral Femoral Condyles in Varus and Valgus 
Knees with Osteoarthritis.” Journal of Bone and Joint 
Surgery - American Volume 92 (1): 98–104. 
https://doi.org/10.2106/jbjs.h.01566. 

Karuppal, Raju. 2016. “Kinematic Alignment in Total 
Knee Arthroplasty: Does It Really Matter?” Journal of 
Orthopaedics 13 (4): A1–3. https://doi.org/10.1016/
j.jor.2016.10.001. 

Kijowski, Richard, Fang Liu, Francesco Caliva, and 
Valentina Pedoia. 2020. “Deep Learning for Lesion 
Detection, Progression, and Prediction of 
Musculoskeletal Disease.” Journal of Magnetic 
Resonance Imaging 52 (6): 1607–19. https://doi.org/
10.1002/jmri.27001. 

Maffulli, Nicola, Hugo C. Rodriguez, Ian W. Stone, 
Andrew Nam, Albert Song, Manu Gupta, Rebecca 
Alvarado, David Ramon, and Ashim Gupta. 2020. 
“Artificial Intelligence and Machine Learning in 
Orthopedic Surgery: A Systematic Review Protocol.” 
Journal of Orthopaedic Surgery and Research 15 (1): 
478. https://doi.org/10.1186/s13018-020-02002-z. 

Matsuda, Shuichi, Hiromasa Miura, Ryuji Nagamine, 
Taro Mawatari, Masami Tokunaga, Ryotaro 
Nabeyama, and Yukihide Iwamoto. 2004. “Anatomical 
Analysis of the Femoral Condyle in Normal and 
Osteoarthritic Knees.” Journal of Orthopaedic Research 
22 (1): 104–9. https://doi.org/10.1016/
s0736-0266(03)00134-7. 

Morales Martinez, Alejandro, Francesco Caliva, Io 
Flament, Felix Liu, Jinhee Lee, Peng Cao, Rutwik 
Shah, Sharmila Majumdar, and Valentina Pedoia. 
2020. “Learning Osteoarthritis Imaging Biomarkers 
from Bone Surface Spherical Encoding.” Magnetic 
Resonance in Medicine 84 (4): 2190–2203. 
https://doi.org/10.1002/mrm.28251. 

Nam, Ji-Hoon, Yong-Gon Koh, Paul Shinil Kim, Gihun 
Kim, Yoon Hae Kwak, and Kyoung-Tak Kang. 2020. 
“Evaluation of Tibial Rotational Axis in Total Knee 
Arthroplasty Using Magnetic Resonance Imaging.” 
Scientific Reports 10 (1): 14068. https://doi.org/
10.1038/s41598-020-70851-z. 

Norman, Berk, Valentina Pedoia, and Sharmila 
Majumdar. 2018. “Use of 2D U-Net Convolutional 
Neural Networks for Automated Cartilage and 
Meniscus Segmentation of Knee MR Imaging Data to 
Determine Relaxometry and Morphometry.” 
Radiology 288 (1): 177–85. https://doi.org/10.1148/
radiol.2018172322. 

Papaioannou, G., S. Tashman, and F. Nelson. n.d. 
“MORPHOLOGY PROPORTIONAL DIFFERENCES IN 
THE MEDIAL AND LATERAL COMPARTMENT OF 
THE DISTAL FEMUR.” In Orthopaedic Research Society 
50th Annual Meeting, 1256. 

The Lateral Femoral Condyle is not Hypoplastic Relative to the Medial Condyle in 6829 Magnetic Resonanc…

Journal of Orthopaedic Experience & Innovation 8

https://doi.org/10.1016/j.artd.2019.01.002
https://doi.org/10.1016/j.artd.2019.01.002
https://doi.org/10.1001/jama.2017.18391
https://doi.org/10.1001/jama.2017.18391
https://doi.org/10.3389/fbioe.2018.00075
https://doi.org/10.3389/fbioe.2018.00075
https://doi.org/10.21037/atm.2017.02.20
https://doi.org/10.2106/jbjs.e.00440
https://doi.org/10.1136/annrheumdis-2014-205310
https://doi.org/10.1136/annrheumdis-2014-205310
https://doi.org/10.1016/j.arth.2017.07.021
https://doi.org/10.2106/jbjs.h.01566
https://doi.org/10.1016/j.jor.2016.10.001
https://doi.org/10.1016/j.jor.2016.10.001
https://doi.org/10.1002/jmri.27001
https://doi.org/10.1002/jmri.27001
https://doi.org/10.1186/s13018-020-02002-z
https://doi.org/10.1016/s0736-0266(03)00134-7
https://doi.org/10.1016/s0736-0266(03)00134-7
https://doi.org/10.1002/mrm.28251
https://doi.org/10.1038/s41598-020-70851-z
https://doi.org/10.1038/s41598-020-70851-z
https://doi.org/10.1148/radiol.2018172322
https://doi.org/10.1148/radiol.2018172322


Pastorino, Roberta, Corrado De Vito, Giuseppe Migliara, 
Katrin Glocker, Ilona Binenbaum, Walter Ricciardi, 
and Stefania Boccia. 2019. “Benefits and Challenges 
of Big Data in Healthcare: An Overview of the 
European Initiatives.” European Journal of Public 
Health 29 (Supplement_3): 23–27. https://doi.org/
10.1093/eurpub/ckz168. 

Sabatini, L. et al. 2018. “Medial Pivot in Total Knee 
Arthroplasty: Literature Review and Our First 
Experience. Clinical Medicine Insights.” Arthritis and 
Musculoskeletal Disorders 
11:1179544117751431–1179544117751431. 

Shah, Romil F., Alejandro M. Martinez, Valentina 
Pedoia, Sharmila Majumdar, Thomas P. Vail, and 
Stefano A. Bini. 2019. “Variation in the Thickness of 
Knee Cartilage. The Use of a Novel Machine Learning 
Algorithm for Cartilage Segmentation of Magnetic 
Resonance Images.” Journal of Arthroplasty 34 (10): 
2210–15. https://doi.org/10.1016/j.arth.2019.07.022. 

Shechtman, Orit. 2001. “The Coefficient of Variation as 
a Measure of Sincerity of Effort of Grip Strength, Part 
I: The Statistical Principle.” Journal of Hand Therapy 
14 (3): 180–87. https://doi.org/10.1016/
s0894-1130(01)80051-x. 

Siebold, Rainer, Jeremie Axe, James J. Irrgang, Kanglai 
Li, Scott Tashman, and Freddie H. Fu. 2009. “A 
Computerized Analysis of Femoral Condyle Radii in 
ACL Intact and Contralateral ACL Reconstructed 
Knees Using 3D CT.” Knee Surgery, Sports 
Traumatology, Arthroscopy 18 (1): 26–31. 
https://doi.org/10.1007/s00167-009-0969-8. 

Taunton, Michael J. 2019. “What’s New in Adult 
Reconstructive Knee Surgery.” Journal of Bone and 
Joint Surgery 102 (2): 91–100. https://doi.org/10.2106/
jbjs.19.01063. 

The Lateral Femoral Condyle is not Hypoplastic Relative to the Medial Condyle in 6829 Magnetic Resonanc…

Journal of Orthopaedic Experience & Innovation 9

https://doi.org/10.1093/eurpub/ckz168
https://doi.org/10.1093/eurpub/ckz168
https://doi.org/10.1016/j.arth.2019.07.022
https://doi.org/10.1016/s0894-1130(01)80051-x
https://doi.org/10.1016/s0894-1130(01)80051-x
https://doi.org/10.1007/s00167-009-0969-8
https://doi.org/10.2106/jbjs.19.01063
https://doi.org/10.2106/jbjs.19.01063

	The Lateral Femoral Condyle is not Hypoplastic Relative to the Medial Condyle in 6829 Magnetic Resonance Images Irrespective of Gender, Age, or Extent of Arthritis
	Background
	Methods
	Results
	Conclusion
	Introduction
	Methods
	Study Sample
	Bone Segmentation
	Data Collection
	Data Analysis

	Results
	Discussion
	References


