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Abstract
Introduction: Osteoarthritis (OA) of the knee is a chronic, 
progressive, and highly prevalent disease.  When the disease 
reaches its final stage, with clinical symptoms refractory to 
treatment or disabling deformity, surgical treatment becomes 
the option via total knee arthroplasty (TKA). The distal femur 
has a fundamental role in the success of TKA, being directly 
involved in joint stability, range of motion, and normal 
gait. Objective: Evaluate the possible sex differences in the 
shape of the distal femur and the age group influence on 
morphometry. Methods: Five measurements on 124 knees 
were evaluated using magnetic resonance imaging, 62 male 
and 62 female. The age ranged between 40 and 80 years, and 
the patients were divided into two age groups. Three factors 
were analyzed, allowing the bone classification regarding its 
width, shape, and symmetry. Results: The male group showed 
absolute measurements greater than the female, but there 
were no sex differences in the shape of the knee. Younger 
patients had more trapezoidal knees and a higher rate of 
asymmetry between condyles. After analyzing the factors, 
regarding their width, 31 knees were considered standard, 47 
narrow, and 46 wide. As for the shape of the knee, 12 were 
considered standard, 58 rectangular, and 54 trapezoidal. About 
the condyles symmetry, 23 were classified as symmetrical and 
101 asymmetrical. There was a great interpersonal variation 
in the shape of the knee, regardless of the sex. Conclusion: 
The shape of the distal femur presents great interpersonal 
variation, going beyond the simple division between wide 
or narrow. This variation is influenced by the patients’ age, 
but not the sex. Level of evidence: 4

Keywords: Anthropometry; Arthroplasty; Sex; Knee; Mag-
netic resonance.

Introduction

Osteoarthritis (OA) of the knee is a chronic, pro-
gressive, and highly prevalent disease. About 33% of 
the Brazilian population over 25 years, corresponding 
to 39 million people, have some OA type. Due to an-
atomical and biomechanical factors, the joint most 
frequently affected is the knee.1 Pain worsens with age, 
and among those over 75 years, 56.6% of OA patients 
have symptoms. Clinical manifestations are more 
frequent in females than in male patients. (47.6% and 
37.4% respectively).2

When the disease reaches its final stage, with clin-
ical symptoms refractory to treatment or disabling 
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deformity, surgical treatment becomes the option. 
Total knee arthroplasty (TKA) has been performed 
since the end of the 19th century; however, it has be-
come popular since the 1970s.3 Currently, TKA is the 
most commonly performed procedure in hospitalized 
patients in the USA, with around 700,000 surgeries per 
year.4 Projections indicate that this number should 
reach 1.26 million procedures in 2030.5 Brazil, despite 
the deficit of assistance, presents an increasing demand, 
driven by the population aging and obesity.6

A prosthesis must resemble the knee’s anatomy 
for a joint replacement to achieve its goal of restoring 
function with maximum durability. Inconsistencies 
between the implant and the resected bone increase 
the surgery complexity and compromise the clinical 
outcome.7 The literature reveals that incompatibil-
ities above acceptable occur between 28% and 84% 
of cases.8,9

The distal femur has a fundamental role in the suc-
cess of TKA, being directly involved in joint stability, 
range of motion, and normal gait. Despite being the 
target of many anatomical studies, the factors related to 
its variability are still little known. Several studies have 
attempted to find in the patients’ sex the explanation 
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for unsatisfactory clinical results after TKA.10,11

This study’s main objective was to evaluate the 
possible sex differences in the shape of the distal femur. 
The secondary objective was to assess whether there is 
an age group influence on morphometry. The study 
hypothesized that there is a sex difference in the shape 
of the distal femur, and anatomical changes could be 
caused by age. 

Materials and methods

After approval by the Research Ethics Committee 
of our institution, the shape of the distal femur was 
assessed using Magnetic Resonance Imaging (MRI) files. 
As main objective to compare the measurements and 
the shape of the knees between male and female in two 
different age groups, considering Brazil’s prevalence of 
5.2% with OA of the knee, the significance level of 5% 
(α), and the power of statistical tests of 80% (1-β), accord-
ing to Triola,12 would be necessary, at least 30 individuals 
in each group, totaling 120 knees as sample size.

The examinations performed in patients between 
40 and 80 years at the institution between July and 
December 2017 were evaluated. The same age group, of 
both sexes and with exams within the desired standard 
were also included. Patients with a history of fracture 
or previous knee surgery, bone defects, or tumors were 
excluded from the study. 

The study’s lead author (FBL) simulated the distal 
femoral cut at 9 mm from the joint edge, as occurs 
during the bone surface preparation for prosthesis 
implantation. The knee axial image was used with the 
aid of the Osirix® Software (Figure 1). Five measurements 
were made on the distal femur’s image (medial and 
lateral condyles heights, total femur width on the tran-
sepicondylar axis, and at points corresponding to 25% 
and 75% of its height) (Figure 2). The measurements 
were performed twice, and the arithmetic means were 
documented for analysis. 

Four different groups were created regarding age 
and sex: men and women between 40-60 and 60-80. 
Three factors between measurements were compared: 
A) factor between the total femur width on the transepi-
condylar axis (4) and the lateral condyle height (1), to 
define whether the femur would be classified as wide or 
narrow; B) factor between the femur width at the point 
75% (3) and 25% (5) of its height, to define whether the 
femur would be trapezoidal or rectangular and C) factor 
between the height of the lateral (1) and medial condyle 
(2) to define whether the femur would be symmetrical or 
asymmetrical. After defining the factors, the confidence 
interval (CI) was calculated around the mean, and the 
femurs within that interval were considered normal. 
These factors are shown in Figure 3.

An identical protocol was used to perform MRI on 

Figure 1. The knee axial image, with the distal femoral cut 
simulated using magnetic resonance imaging  
Source: The autors (2017).

Figure 2. Measurements on the distal femur’s image. 1 - 
lateral condyle height, 2 - medial condyle height, 3 - total 
femur width at the point 75% of its height,  4 - total femur 
width on the transepicondylar axis, 5 - total femur width 
at the point 25% of its height 
Source: The autors (2017).
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all analyzed knees. The examinations were performed 
in a 1.5T apparatus (Magneton Essenza®; Siemens, 
Germany). The patient was in the supine position and 
the knee relaxed in full extension or minimal flexion 
(<15°) for more comfort. The following sequences were 
performed: sagittal, proton density-weighted with fat 
suppression (repetition time (TR): 2800 ms, echo time 
(TE): 35 ms, thickness: 4 mm, field of view (FOV): 160 
/ 160 mm, and matrix: 230/320); sagittal, T1-weighted 
(TR: 540 ms, TE: 13 ms, thickness: 4 mm, FOV: 160/160 
mm, matrix: 230/384); coronal, proton density-weight-
ed with fat suppression (TR: 2040 ms, TE: 32 ms, thick-
ness: 4 mm, FOV: 160/160 mm, matrix: 224/320); and 
axial, proton density-weighted with fat suppression 
(TR: 3140 ms, TE: 35 ms, thickness: 4 mm FOV: 160/160 
mm, matrix: 192/320).

The measures of central tendency and dispersion 
were presented in descriptive tables. The inferential 
analysis was composed by the two-way analysis of 
variance (two-way ANOVA) to evaluate the main effect 
of the age group, sex, and the respective interaction 
between sexes and age group in the evaluated mea-
sures. The student’s t-test analyzed the comparison of 
measures and the factors between pairs for independent 
samples; 5% of significance level was adopted. The sta-
tistical analysis was processed with the aid of SAS 6.11 
software (SAS Institute, Inc., Cary, North Carolin, USA).

Results

One hundred twenty-four knees from 124 patients 
were analyzed, 62 male and 62 female. The measure-
ments showed a normal distribution. Measurement 
statistics, divided by age group, are shown in Table 1.

The male and female samples showed similarity 
concerning age (p = 0.43). Male patients had all measures 
greater than female, but no factors were significantly 
different. The values with the respective statistical tests 

are shown in Table 2.
When compared by age group, the measurements 

were similar for both groups. The factors 3/5 and 1/2 
were significantly higher for younger patients. The 
comparisons are shown in Table 3.

After analyzing the factors, 31 knees were consid-
ered standard, 47 narrow, and 46 wide. Regarding the 
shape, 12 knees were considered standard, 58 rectangu-
lar, and 54 trapezoidal. About the condyles symmetry, 
23 were classified as symmetrical and 101 asymmetrical. 
The factors relating to the mean and its respective 
confidence interval are shown in Table 4.

Discussion

TKA is one of the most successful surgeries of the 
century. However, it still shows dissatisfaction rates 
ranging from 17 to 41% of operated patients.13 Several 
anatomical studies reveal incompatibilities between 
the implant and the resected bone that are much higher 
than expected.8 The distal femur morphometry and the 
factors that influence its variations have been the sub-
ject of constant research, seeking to understand the best 
way to mimic the knee’s anatomy and biomechanics.
[9,14] The shape of the knee varies widely, and the sizes 
of the available components are limited, mainly due to 
economic reasons.15 The great interpersonal variation 
demonstrated in the research shows the surgeon’s 
practical difficulties to combine the implant with the 
resected bone, increasing the surgery complexity and 
compromising the clinical and functional outcome. 

In the present study, male patients had all dimen-
sions significantly greater than female, which was 
similar to what was found by Lonner et al.,16 Han et 
al.,17 and Loures et al.18 Bonnin et al.9 studied the shape 
of 114 knees using computed tomography and com-
pared it with the size of 12 implant manufacturers. 
They found an incompatibility of 84% in female 

Figure 3. A) measures to define if the femur is wide or narrow B) trapezoidal or rectangular, and C) symmetrical or asym-
metrical 
Source: The autors (2017). 
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Table 1. Measurement statistics divided by age group

Variable N Mean SD Median Q1 - Q3 Minimum Maximum

40 - 59 years

Age (years) 60 48.6 5.2 47 44.3 - 53.0 40.0 59.0

Measure 1 60 61.5 4.7 60.4 57.9 - 65.7 54.1 73.8

Measure 2 60 58.7 4.8 58.2 54.9 - 63.1 50.6 72.8

Measure 3 60 76.8 5.9 76.3 72.8 - 81.1 66.7 94.9

Measure 4 60 74.1 5.8 74.1 69.7 - 78.4 63.9 91.3

Measure 5 60 62.0 5.3 61.9 57.6 - 66.1 52.7 74.1

Factor (4) / (1) 60 1.207 0.059 1.211 1.166 - 1.237 1.042 1.337

Factor (3) / (5) 60 1.241 0.058 1.238 1.190 - 1.296 1.164 1.386

Factor (1) / (2) 60 1.048 0.033 1.044 1.025 - 1.074 0.952 1.145

60 - 79 years

Age (years) 64 66.2 5.3 64 62.0 - 71.0 60.0 77.0

Measure 1 64 60.9 4.6 60.5 58.1 - 63.7 50.8 72.6

Measure 2 64 59.4 3,8 58.8 56.8 - 61.9 517 71.0

Measure 3 64 75.0 6.6 74.5 70.7 - 79.8 62.1 93.2

Measure 4 64 73.9 6.0 739 69.2 - 76.9 62.5 88.2

Measure 5 64 61.9 5.6 62.0 57.3 - 65.2 52.3 75.5

Factor (4)/(1) 64 1.216 0.071 1.213 1.173 - 1.256 1.059 1.484

Factor (3)/(5) 64 1.212 0.062 1.221 1.169 - 1.252 1.076 1.357

Factor (1)/(2) 64 1.025 0.042 1.027 0.994 - 1.056 0.924 1.115

Legend:	SD:	standard	deviation;			Q1:	1st	quartile;	Q3:	3rd	quartile. 
Source:	Institution’s	data.	(2017)

patients and 54% in male. The risk of excess implant 
(overhang) was higher in trapezoidal-shaped femurs, 
which can be explained by the implant configuration, 
which is mostly rectangular. The younger group had 
a higher incidence of trapezoidal femurs. The same 
variation regarding the age was also found by Han et 
al.17  and Li et al.19 in their anthropometric study after 
evaluating a significant number of joints. Fortunately, 
young patients are rarely submitted to TKA; however, 
this anatomical difference should be considered when 
surgical treatment becomes necessary. Research for the 

development of new implants should be based on an 
elderly population, as they are the target audience for 
arthroplasties, and the shape of the distal femur varies 
with age.

The patellofemoral joint is of great importance for 
transferring quadriceps muscle strength during both 
eccentric and concentric contractions. The patellae 
increase the distance from the extensor mechanism to 
the femoral rotation center, raising the muscular lever 
arm.20 Maintaining this distance after TKA is essential, 
especially in elderly patients who mostly have sarcope-
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Table 2. Comparison between sexes

Variable Male (n = 62) Female (n = 62) p value

Age (years) 56.9 10.5 58.4 10.0 0.43

Measure 1 63.9 ± 4.2 58.4 ± 3.2 < 0.0001

Measure 2 61.3 ± 4.2 56.8 ± 3.2 < 0.0001

Measure 3 80.2 ± 5.0 71.5 ± 4.1 < 0.0001

Measure 4 77.7 ± 5.0 70.4 ± 4.1 < 0.0001

Measure 5 65.7 ± 4.4 58.3 ± 3.6 < 0.0001

Factor (4) / (1) 1.218 ± 0.077 1.204 ± 0.050 0.25

Factor (3) / (5) 1.223 ± 0.059 1.229 ± 0.064 0.57

Factor (1) / (2) 1.042 ± 0.033 1.030 ± 0.044 0.084

Mean	±	standard	deviation.	Student	T-test	for	independent	samples. 
Values	in	bold	indicate	a	statistically	significant	difference. 
Source:	Institution’s	data	(2017).

Table 3. Comparison between age groups

Variable 40 - 59 years (n = 60) 60 - 79 years (n = 64) p value

Measure 1 61.5 ± 4.7 60.9 ± 4.6 0.46

Measure 2 58.7 ± 4.8 59.4 ± 3.8 0.42

Measure 3 76.8 ± 5.9 75.0 ± 6.6 0.11

Measure 4 74.1 ± 5.8 73.9 ± 6.0 0.84

Measure 5 62.0 ± 5.3 61.9 ± 5.6 0.93

Factor (4) / (1) 1.207 ± 0.059 1.216 ± 0.071 0.45

Factor (3) / (5) 1.241 ± 0.058 1.212 ± 0.062 0.009

Factor (1) / (2) 1.048 ± 0.033 1.025 ± 0.042 0.001

Values	in	bold	indicate	a	statistically	significant	difference. 
Source:	Institution’s	data	(2017).
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nia.21 Femurs were asymmetrical in 81% of cases, which 
can directly influence the surgery outcome. Prostheses 
larger than the condyles lead to excessive filling, which 
can cause pain and a limited range of motion.22 Smaller 
implants, on the other hand, may cause a decrease in 
the extension force or instability in knee flexion.23 
The condyles asymmetry can also hinder the correct 
positioning of the rotational femoral implant, leading 
to clinical consequences.24

Mahfouz et al.25 studied 1000 knees, 80 of which were 

African-American, 80 Asians, and 860 Caucasians. They 
found significant differences in the distal femur mor-
phology regarding ethnicity. The studied patients were 
not evaluated concerning skin color due to a Brazilian 
population sample. Genetic studies have shown a fragile 
relationship between genotype and skin color in this pop-
ulation. After centuries of miscegenation, the skin color 
phenotype has little or no value in medical practice.26

There is a constant debate whether there is a differ-
ence in the distal femur morphometry between men 



24        bjhbs.hupe.uerj.br

Original article

and women. The literature is inconclusive regarding 
this difference. We evaluated the shape of the knee 
based on the measurement factors and, in our sample, 
we did not find disparities between sexes. This finding 
is convergent with the study described by Piriou et 
al.,27 who, after studying 376 femurs using a navigation 
system, could not demonstrate the sex influence on 
knee morphology.

The successful implementation of a femoral com-
ponent during a TKA must include correct coronal, sag-
ittal and rotational alignment, in addition to adequate 
bone coverage.17 The significant variation in the femoral 
shape revealed by the measurement factors makes these 
targets challenging to be achieved using conventional 
implants currently available.28 The size limitation was 
performed to make the manufacturing cost and stock-
ing the implants feasible.3 New technologies are adding 
precision and improving the cost-effectiveness of TKA 
surgery.29 Although still with a short-term follow-up, 
Culler et al.30 compared 126 patients’ outcomes with 
customized implants and 122 using standardized im-
plants. They found better results in rehabilitation and, 
even though the customized implant has a higher price, 
the final hospital cost was similar (p = 0.913), justified by 

the lower number of adverse events.
The use of reliable methods is essential for medical 

research, and every instrument or evaluation method 
must have its precision and reproducibility validated. 
The reliability of the method could have been tested 
through an intra-observer analysis. However, in a previ-
ous study,31 the main author (FBL) had already validated 
the method by blindly comparing the measurements 
using MRI with in-vivo measurements, the latter being 
considered the gold standard. The level of agreement 
found between the measures was excellent (intraclass 
correlation coefficient ≥ 0.80). Thus, the method used 
did not require ratification. 

The research has some limitations common to 
retrospective studies. Adjusting the measurements and 
their factors regarding the patients’ body mass index 
could allow the shape of the femur to correlate with 
the biotype. However, this data was not available in 
the files. The anatomical axes of the limbs, which could 
influence the shape of the knees, were not considered 
in the analysis. The clinical indications that led to 
the examination were not documented, although all 
patients with previous surgery, tumors, or fractures in 
the knees were excluded from the study. 

Table 4. The shape of the knee’s classification regarding its factors

Variable N 95% CI Number of patients according to intervals

Mean Lower  
bound

Upper  
bound

Bellow the 
lower bound

Within the 
95% CI

Above the 
Upper bound

Bellow the 
mean

Above the 
mean 

Factor (4) / (1) 124 1.2112 1.1997 1.2227 47 31 46 61 63

Factor (3) / (5) 124 1.2260 1.2152 1.2368 58 12 54 63 61

Factor (1) / (2) 124 1.0361 1.0292 1.0430 50 23 51 63 61

Males

Factor (4) / (1) 62 1.2180 1.1987 1.2373 24 18 20 28 34

Factor (3) / (5) 62 1.2228 1.2082 1.2374 30 8 24 35 27

Factor (1) / (2) 62 1.0422 1.0339 1.0505 24 14 24 26 36

Females

Factor (4) / (1) 62 1.2044 1.1920 1.2168 21 14 27 33 29

Factor (3) / (5) 62 1.2292 1.2132 1.2451 25 10 27 28 34

Factor (1) / (2) 62 1.0300 1.0190 1.0410 24 16 22 37 25

95%	CI,	95%	confidence	interval. 
Source:	Institution’s	data.	
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Elderly patients are potential carriers of OA of the 
knee and may present the anatomical changes typical 
of this disease, such as the formation of osteophytes 
that would be a confounding factor in the measure-
ments. The measurements were performed after 
simulating the distal femoral cut at 9 mm from the 
joint edge, eliminating this possible bias. As described 
by Cheng et al.32 and Kawak et al.,33 the resected bone 
surface measurement, free of osteophytes and already 
prepared for prosthesis implementation, provides 
more reliable morphometric data for the design and 
improvement of the implant. 

The study strengths were the evaluations of fac-
tors that made it possible to classify the distal femur 
variations far beyond broad or narrow. As described, 
the measurement method used was previously tested 

and validated, which guaranteed the measurements’ 
reliability.31 The great interpersonal variation demon-
strated by the study anticipates the surgeon’s possible 
difficulties to precisely fit the prosthesis to the resected 
bone. Adequate adjustments to the shape and number 
of implants available can make the surgery more ac-
curate and safer.

Conclusion

The shape of the distal femur presents great inter-
personal variation, going beyond the simple division 
between wide or narrow. This variation is influenced by 
the patients’ age, but not the sex. The implant manufac-
turer must considered these anatomical considerations 
for the new models to present a better adjustment with 
the knee’s natural shape.

Fabrício B. Loures et al • Influence of gender and age on distal femur shape.
Are there any relevant differences?
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