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The posterolateral corner (PLC) consists of many
different structures that act as static and dynamic
stabilizers of the knee during motion.™

The posterolateral corner (PLC) consists of many
different structures that act as static and dynamic
stabilizers of the knee during motion.” The anatomy
and function of PLC are still poorly understood.?
The lateral posterior condylar offset (LPCO) and the
lateral posterior tibial slope (LPTS) are important for
understanding the function of bony structures in the
anatomy of the PLC.H The fabella is thought to act as
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ABSTRACT

Objectives: This study aims to analyze whether the lateral posterior
condylar offset (LPCO) and lateral posterior tibial slope (LPTS) values
are associated with the presence of fabella by evaluating the frequency of
fabella, its location, and whether it is bilateral and the relationship of the
fabella with age, sex, and the presence of osteoarthritis.

Patients and methods: Between January 2016 and December 2020,
computed tomography (CT) scans including 1,952 knee regions of 1,220
patients (861 males, 359 females; mean age: 54.5+19.7 years; range, 10
to 98 years) were retrospectively analyzed. Age, sex, and the presence of
fabella whether unilateral (left or right) or bilateral were recorded. Of the
patients with a bilateral knee CT, those with fabella on one side and without
on the other were studied further to investigate the effect of fabella on the
posterolateral corner (PLC). In these patients, the LPCO and LPTS values,
presence of knee osteoarthritis, fabella-femoral distance, and sagittal
anterior-posterior diameter of the fabella were evaluated.

Results: While there was no evidence of fabella in 867 (71.1%) patients,
it was present in 353 (28.9%) patients. The linear correlation analysis
revealed that the correlations between the right LPCO and the right
LPTS (r=-0.295; p<0.001) and between the left LPCO and the left LPTS
(r=-0.574; p<0.001) were significant. It was observed that LPTS decreased
with increasing LPCO. According to the results of the point biserial
correlation analysis, there was a significant correlation between the
presence of fabella on the right side and the right LPCO value (r=-0.643;
p<0.001) and between the presence of fabella on the left side and the left
LPCO (r=-0.284; p=0.024). When the two knees were compared, fabella
was less present in the knee whose LPCO was higher than that of the other
knee, whereas it was more common in the knee whose LPCO was lower
than that of the other knee. We found a significant correlation between
each side's fabella and LPCO values and between the presence of fabella
on the left side and the left LPTS.

Conclusion: The presence of fabella in the knee joint may be associated
with LPCO and LPTS values of the knee. The comparison of the two knees
of the same patient may reveal that if a fabella is present in a knee, the
LPCO value of that knee is lower than that of the other knee. We believe
that the reason for this is that the presence of fabella increases the distance
to the center of rotation of the knee joint.

Keywords: Fabella, posterior condylar offset, posterior tibial slope,
sesamoid bones.
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Fabella and posterolateral corner

a stabilizer of the knee.! The fabella is a sesamoid
bone located at the lateral head of the gastrocnemius
muscle, plays a role in stabilizing the knee joint,
and articulates directly with the lateral femoral
condyle.! Together with the arcuate ligament, the
popliteal oblique ligament, fabellofibular ligament,
and fabella support the PLC of the knee.”

Studies on the fabella in the literature have
focused on the prevalence and treatment of fabella
syndrome.®1 Since there is no study examining the
PLC bone morphology and its relationship with the
fabella, the function of the fabella has not been fully
elucidated, yet.

The fabella is the only bone in the human
body whose prevalence has increased in the last
century.™ In general, the function of sesamoid
bones is to reduce pressure and friction, redirect
the direction of muscle movement, increase the
mechanical strength of the muscle, or increase
the strength of the tendon or ligament.'? Several
studies investigating the prevalence of the fabella in
the general population have attempted to identify
its prevalence using surgical/section reports,
radiographs, and computed tomography (CT) and
magnetic resonance imaging (MRI) scans.®1 The
fabella occurs in 10 to 30% of the population and is
mostly bilateral [
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The fabella is a sesamoid bone, and sesamoid
bones usually act as amplifiers for the moment
arm. Due to this feature of sesamoid bones, we
hypothesized that LPCO and LPTS values might
be affected by the presence of the fabella. In the
present study, we, therefore, aimed to analyze
whether LPCO and LPTS values were related to
the fabella and to present the prevalence rate of the
fabella using a CT dataset. In addition, we aimed to
investigate the normative values of LPCO and LPTS
in the normal population, their differences between
individuals and, most importantly, whether there
was a relationship between LPCO and LPTS.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Tokat Gaziosmanpasa University,
Department of Orthopedics and Traumatology
between January 2016 and December 2020. All
CT images containing the were collected from
the electronic medical record system. The Picture
Archiving and Communication Systems (PACS)
software was used for all reconstructions and
measurements (Sectra Workstation IDS7, version
21.2.11.6289, ©2019 Sectra AB).

There were a total of 1,445 patients with CT
image of the knee region. In 225 patients, the knee

FIGURE 1. (a) Measurement of fabella femoral distance. (b) Measurement of sagittal anteroposterior diameter.




region could not be assessed due to prostheses and
various implants. The CTs including 1,952 knee
regions of 1,220 patients (861 males, 359 females;
mean age: 54.5+19.7 years; range, 10 to 98 years)
were enrolled. Patients were excluded from the
study, if they had an implant interfering with a
clear assessment of the knee or if the quality of the
image was poor. Data including age, sex, and the
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FIGURE 2. (a) The anatomical transepicondylar axis (TEA)
was defined as the blue line. The sagittal plane perpendicular
to the TEA was defined as the true-sagittal plane (tsP) (yellow
line). (b) The sagittal longitudinal axis (purple line) and the
tangent line to the femoral posterior cortex drawn parallel to
the sagittal longitudinal axis (greenline). (c) Measurement of
lateral posterior condylar offset.

presence of the fabella were recorded. The patients
were divided into six groups according to age (<25,
26-35, 36-45, 46-55, 56-65, >65 years). In the study,
the CTs that were previously taken for routine
follow-up and treatment of the patients were used.
Since the CTs evaluated were not specifically taken
for this study, the patients were exposed to no
additional dose of radiation.
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FIGURE 3. (a) Proximal tibial longitudinal axis in true-sagittal plane (yellow line). (b) Lateral
posterior tibial slope (LPTS).

Of the patients with a bilateral knee CT, those
with fabella on one knee, but not on the other were
studied further to investigate the effect of the fabella
on the PLC. In these patients, the LPCO and LPTS
values, presence of knee osteoarthritis, fabella-
femoral distance, and sagittal anteroposterior
diameter of the fabella were determined (Figure 1).

The Kellgren-Lawrence classification was used
for osteoarthritis classification; Grade 1: suspected
narrowing of the joint space with possible osteophyte
formation, Grade 2: possible narrowing of the joint
space with definite osteophyte formation, Grade 3:
definite joint space narrowing, moderate osteophyte
formation, some sclerosis, and possible deformity
of the bony ends and Grade 4: large osteophyte
formation, severe narrowing of the joint space with
significant sclerosis and definitive deformity of the
bone ends.™!

The LPCO measurements were performed
according to previously published protocols.' The

line connecting the most prominent points of the
femoral epicondyles on the axial CT was defined as the
transepicondylar axis (TEA). The true sagittal plane
(tsP) was defined as the sagittal plane perpendicular
to the TEA (Figure 2a)."

While the axis perpendicular to the line drawn
along the TEA in the axial reformatted CT image was
located at the center of the two condyles, the sagittal
image was evaluated on CT. In the sagittal reformatted
image, two separate points were detected on the
distal femur 5-cm apart. The midpoint of the femur
was found in these detected regions. By combining
these two points, the sagittal line of the femur was
determined (Figure 2b)® A new line was drawn
parallel to the sagittal line of the femur and tangential
to the posterior femoral cortex (Figure 2b). Then, in
the axial reformatted CT image, the axis was shifted
perpendicular to the line, along with the TEA, to the
center of the lateral condyle. In the sagittal CT section,
the circumferentially-located largest circle of the
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Incidence rate of fabellas 28.9% }
—[ Women's LPTS scores were higher than men's. }
—[ Incidence rate of fabellas 28.9% j

—6’he LPCO scores of females were lower than those of males}

—[ More fabellas were observed in older women.

PN

FIGURE 4. Sex difference of LPCO and LPTS.

LPTS: Lateral posterior tibial slope; LPCO: Lateral posterior condylar offset.

lateral posterior condyle was determined. The LPCO
was determined by measuring the vertical distance
between the line previously drawn tangential to the
posterior cortex and the drawn circle (Figure 2c).

For LPTS measurement, two points of 5 cm and
15 cm distal to the knee joint were determined on the
sagittal axis of the tibia (Figure 3a). The midpoint of
the lines connecting the anteroposterior cortical lines
was found (Figure 3a).’® The angle between the line
connecting these two points and the tangential line
of the posterior tibial plateau was determined as the
LPTS (Figure 3b).1011

All measurements were performed by two
experienced orthopedic surgeons at different
times. One of the two orthopedists conducted the
measurements again one month later. The results
were obtained by averaging the measurements taken
at different times.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 23.0 software (IBM Corp., Armonk, NY,
USA). The Kolmogorov-Smirnov test was used to
evaluate the distribution of the data. Descriptive data
were presented in mean * standard deviation (SD),

TABLE |
Demographic and clinical characteristics of patients

n Y% Mean=SD Range 95% ClI

Age (year) 54.5+19.7 10-98 53.4-55.7
Sex

Female 359 294 N/A N/A

Male 861 70.6 N/A N/A
Presence of the fabella in those who have bilateral knee CT

Bilateral 170 23.2 N/A N/A

Right 198 27.0 N/A N/A

Left 210 28.7 N/A N/A
Presence of the fabella in those who have unilateral knee CT

Right 62 24.5 N/A N/A

Left 58 22.6 N/A N/A
Presence of the fabella in all patients 353 28.9 N/A N/A

SD: Standard deviation; Cl: Confidence interval; CT: Computed tomography.
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TABLE Il
Presence of fabella among age groups

Unilateral CT Bilateral CT Total
Right Left Right Left Right Left

Age groups (year)

<25 4 5 6 14 16

26-35 8 21 22

36-45 5 5 4 5 13 15

46-55 13 7 28 30 69 67

56-65 15 12 39 49 93 110

>65 18 17 115 113 248 243
CT: Computed tomography.

median and interquartile range (IQR) or number and
frequency, where applicable. The Student t-test was
used to compare the parametric data, while the
Mann-Whitney U test was performed to compare
the non-parametric data. The Pearson and Spearman
correlation analyses were conducted to identify the
relationship between the condylar offset and tibial
slope. The chi-square test, Fisher exact test, and
Fisher-Freeman-Halton test were used to evaluate
the categorical variables. A logistic regression
model was established in which age and sex were
considered possible predictors of the presence of

TABLE Il
Comparison between unilateral fabella groups

Presence of Fabella
Right (n=27) Left (n=36) P

Sex 0.105

Female 12 9

Male 15 27
Right gonarthrosis* 0.456

Grade 0 2 8

Grade 1 12 16

Grade 2 7 8

Grade 3 5 3

Grade 4 1 1
Left gonarthrosis* 0.302

Grade 0 2 8

Grade 1 17 16

Grade 2 5 9

Grade 3 2 3

Grade 4 1 0
* Fisher-Freeman-Halton test was used; Chi-square test was used; Kellgren-
Lawrence classification was used.

the fabella. A p value of <0.05 was considered
statistically significant.

RESULTS

Bilateral CT were performed in 732 patients.
Computed tomography was only performed on the
right knee in 253 patients and on the left knee in
235 patients.

A total of 353 (28.9%) patients had fabella, while
there was no evidence of fabella in 867 (71.1%) patients
(Table I). Although fabella was more common in
females (32.6%) than males (27.4%), this was not
statistically significant (p=0.069). Considering all knee
CT scans, fabella was absent in 1,361 (69.7%) knees,
while it was observed in 591 knees (30.3%). The
patients with bilateral fabellae were on average 65.7
years old, while those without bilateral fabella were
on average 59.38 years old (p<0.001). The presence of
the fabella among the age groups are given in Table II.

The results of binary logistic regression analysis
showed that fabella was observed more frequently
with increasing age (hazard ratio [HR]: 1.015; 95%
confidence interval [CI]: 1.000-1.032; p<0.001). Sex
alone was not significant in this model. However,
when we created a model in which age and sex were
combined, more fabella were seen in older females
(HR: 1.032; 95% CI: 1.001-1.033, p=0.032). Of 67 patients
with bilateral knee CTs, one side with fabella, and
other side without, four patients were excluded from
the study, as healthy measurements of LPCO and
LPTS could not be performed.

In the patients whose bilateral knee CTs were
available, who were with fabella only on one side,
there were 21 females and 42 males. There was
no statistically significant difference between the
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TABLE IV
Reliability analysis

Measurement Intraobserver reliability Interobserver reliability
Right LPCO 0.97 0.94

Left LPCO 0.98 0.90

Right LPTS 0.98 0.94

Left LPTS 0.95 0.89

LPCO: Lateral posterior condylar offset; LPTS: Lateral posterior tibial slope; All reliability data were assessed with
intraclass correlation coefficient.

TABLE V
Comparison of offset and slope between sex groups

Sex
Female (n=21) Male (n=42)
Mean+SD Range 95% ClI Mean+SD Range 95% ClI p
Right LPCO 23.7+1.3 21.7-2741 23.1-24.3 25.0+1.8 22.1-29.6 24.4-25.6 0.006
Left LPCO 24.0+1.8 19.4-26.6 23.1-24.8 244417 19.8-28.9 23.9-24.9 0.371
Right LPTS 6.5+1.9 3.3-10.9 5.7-74 5.2+1.7 2.2-9.6 4.6-5.7 0.006
Left LPTS 6.4+1.7 4.2-10.8 5.6-7.2 5.4+1.7 2.1-9.2 4.8-5.9 0.034
Cl: Confidence interval; LPCO: Lateral posterior condylar offset; LPTS: Lateral posterior tibial slope.

patients with and without fabella in terms of the
presence of gonarthrosis (Table III). Fabella was
present on the right side in 27 patients and on
the left side in 36 patients. The mean age was
61.2+ 13.6 (range, 21 to 92) years, the mean sagittal
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anteroposterior diameter was 4.5+1.07 (range, 2 to 7.3)
mm, the mean fabella-femoral distance was 2.3+0.55
(range, 1.2 to 5.1) mm, the mean right LPCO was
24.6£1.8 (range, 21.7 to 29.6) mm, the mean left LPCO
was 24.3+1.7 (range, 19.4 to 28.9) mm, the mean right
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FIGURE 5. (a) The graph of the linear correlation analysis between right lateral posterior condylar offset and right lateral posterior
tibial slope. (b) The graph of the linear correlation analysis between left lateral posterior condylar offset and left lateral posterior

tibial slope.
PFO: Posterior femoral offset; PTS: Posterior tibial slope; PLC: Posterolateral corner.
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FIGURE 6. (a) Relationship between LPTS and LPCO values. (b) The relationship between the presence of fabella and LPTS and
LPCO values.
LPTS: Lateral posterior tibial slope; LPCO: Lateral posterior condylar offset.

LPTS was 5.6+1.8 (range, 2.2 to 10.9), and the mean left The LPTS values were higher in females than
LPTS was 5.7+1.8 (range, 2.1 to 10.8). Inter-observer males. The LPCO values of females were lower
and intra-observer compatibility of measurements than those of males (Table V, Figure 4). The linear
were found to be excellent (Table IV). correlation analysis results indicated that there was a

FIGURE 7. There is an inverse correlation between LPCO and LPTS for increased knee flexion and delayed tibiofemoral
impingement. (a) Large LPCO and low and normal LPTS. No tibial impingement on posterior femur. (b) Small LPCO and large
LPTS. No tibial impingement on posterior femur. (¢) Small LPCO and normal LPTS. Fabella present.

LPTS: Lateral posterior tibial slope; LPCO: Lateral posterior condylar offset.
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negative correlation between the right LPCO and the
right LPTS (r=-0.295; p<0.001) (Figure 5a) and between
the left LPCO and the left LPTS (r=-0.574; p<0.001)
(Figure 5b).

There was a significant correlation between the
presence of fabella on the right side and the right
LPCO (r=-0.643; p<0.001) and between the presence
of fabella on the left side and the left LPCO (r=-0.284;
p=0.024). The patients with fabella had lower LPCO
values at the ipsilateral extremity. There was no
significant correlation between the right fabella and
the right LPTS (r=-0.149; p=0.244), while there was a
significant correlation between the left fabella and
the left LPTS (r=-0.273; p=0.031). The patients with
left fabella had lower LPTS values on the left knee
(Figure 6).

DISCUSSION

The prevalence of fabella varies according to age
and sex.' The overall frequency of fabella in the
patients evaluated in the present study was 28.9%. We
found that the LPCO values showed more variability
in the presence of fabella than the LPTS values.
The knee with fabella had a lower LPCO; however,
the LPTS value was lower or equal to that of the
other side. When LPTS and LPCO were compared,
an inverse correlation was found between the two
parameters. There are few studies in the literature
investigating normative data for posterior condylar
offset (PCO) and posterior tibial slope (PTS).4”1 Our
study provides important normative data on LPCO,
LPTS, and fabella.’ These normal values not only
explain the relationship between PCO and PTS, but
also show the influence of fabella on this relationship.

In their study using CT scans, Hauser et al.P!
reported the prevalence of the fabella to be 30% in
the Central European population. We found that
the fabella was present in 28.9% of the patients. The
prevalence of fabella varies according to ethnicity
and geographic distribution.! Indeed, it even varies
in different regions of the same country. Previous
studies conducted in Turkey utilized radiographs
and MRI of the knee to find fabella.?) We, on
the other hand, conducted our study using CT
examinations, which best showed the bone structure.
Unluturk et al’s"™ study in which 1,000 patients were
examined by MR, the prevalence was 15.5%, and no
sex difference was found. In our study, although no
sex difference was found, the frequency of fabella
increased in older females in the regression model
including age and sex. Sari et al.?” used radiographs
in their studies and found that the overall prevalence
of fabella was 24.3%, with a frequency of 25.8% in
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females and 20.6% in males. We can explain the
reason for the high prevalence found in our study by
the fact that the examination we used was CT, and
that there were regional differences. Several studies
have been conducted to identify the prevalence of
fabella using imaging techniques. Some researchers
have used radiographs in detecting the presence of
fabella, while some others have utilized MRI.[#3] The
prevalence of fabella has been reported to be higher
in cadaveric studies than in radiological studies.?"*!
Of note, no previous study has examined such a large
population of knee CTs as ours. A systematic search
of the literature revealed that there were few studies
on the prevalence of fabella based on CT scans. One
such study was conducted by Berthaume et al.' on
212 CT scans in which 94 fabellae were detected,
with a prevalence of 44.34% for knees. Moreover, the
authors reported a prevalence of 41.18% in males and
47.27% in females.

In our study, in which both knees of the patients
were examined, we believe that the reason for
low LPCO in knees with the presence of fabella is
to compensate for the distance between tendons
and ligaments, such as the popliteal posterolateral
ligament, from the sagittal center of rotation of the
knee. This is because sesamoid bones often act as
amplifiers of the moment arm. This finding confirms
the effects of increasing the mechanical muscle
strength of sesamoid bones or increasing tendon or
ligament strength.

It has been reported in the literature that
increased PCO and PTS values are associated with
the increased flexion range of motion in prosthetic
knees, while decreased PCO and PTS are associated
with decreased range of motion.2*?! Weinberg et
al.” predicted an inverse correlation between PCO
and PTS, and found that there was no impingement
when the PCO was large and the PTS was normal,
and that posterior tibial impingement occurred when
the PCO was small and the PTS was normal. They
also reported that when the PCO was small and the
PTS was high, there was no impingement. However,
these authors did not compare the relationship
between the presence of fabella and PLC in their
study.

Fabella is not observed in all individuals and its
prevalence is 28.9%. Moreover, while fabella is present
in one knee of an individual, it may not be seen in
the other knee. In our study, among the patients with
bilateral knee CT scans, the rate of those with fabella
in only one knee was 9.1%. Since LPCO and LPTS
values greatly vary in the population, the evaluation
and comparison of both knees in the same patient is
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the main strength of our study. The sagittal geometry
of the knee is designed to balance natural flexion
range of motion with stability (Figure 7). Decreased
LPCO and LPTS are probably associated with reduced
motion and impingement due to mechanical impact
in the posterior. Therefore, in most individuals, the
inverse correlation between LPCO and LPTS, as we
determined in our study, serves as a reconciliation of
both functions. Regarding the effect of the presence
of fabella on LPCO and LPTS, we detected that on
the side where the fabella was present, LPCO was
low and LPTS was normal or low (Figure 7). The
presence of fabella in the posterolateral capsule helps
to provide normal knee flexion range by reducing
the adverse effect of decreased LPCO without
posterolateral tibiofemoral contact and impingement.
Fabella compensates for decreased LPCO in patients
with low LPCO without the need for the tibial slope
to excessively increase as a compensatory. Taken
together, the presence of the fabella prevents tibial
compression in the posterior femur by increasing
the distance of the posterolateral soft tissue from the
rotation center of the knee joint.

Nonetheless, this study has some limitations.
Additional regional populations can be included
in future studies to compare regional differences.
Also, the absence of knee range of motion values
and the clinical evaluation of the PLC are the other
limitations.

In conclusion, when the condylar offset decreases,
LPTS increases to avoid impingement in flexion.
Based on the data we obtained in our study, as a
consequence of a low LPCO, tendons and ligaments
in the PLC approach the center of rotation of the joint,
which, in turn, results in higher energy requirements.
We consider that the presence of fabella increases the
distance of the tendons and ligaments to the center
of rotation of the joint and allows the tendons and
ligaments in the PLC to work with less energy rather
than the higher energy produced by the joint. When
LPCO is low and LPTS is normal/low, it is likely
that tibia posteriorly compress to the posterior of
the femur yielding impingement. When LPCO and
LPTS are low, it can be speculated that the presence
of fabella ensures no impingement during knee
flexion. To the best of our knowledge, there are no
studies in the literature assessing the relation of LPTS
and LPCO with the presence or absence of fabella.
Further prospective studies using knee MRI taken
while the knee is in full flexion are needed to evaluate
the relationship of the fabella, LPCO and LPTS with
the PLC, and impingement.
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