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Abstract
Purpose The purpose of this study was to investigate whether the vastus medialis oblique (VMO)
compensates in patella dislocation patients with the increase of femoral anteversion angle (FAA).

Methods From January 2016 to January 2021, a total of 30 knees of 27 patients with recurrent patellar
dislocation (RPD Group) were reviewed for this study. Among these patients, 13 patients with patellar
dislocation and excessive FAA, >30° were assigned to A Group, and 17 patients with the patellar
dislocation without excessive FAA,≤30 were assigned to B Group. And 27 age and sex matched knees
without patellofemoral disorders were enrolled as control (C Group). The area of the VMO and vastus
lateralis muscle (VLM) was measured 20 mm above the upper edge of the patella, and the ratio of the
VMO and VLM area was calculated. The correlation relationship of FAA and VMO, VLM was analyzed.

Results Comparing with the C Group, the RPD Group had a signi�cantly larger FAA (30.10± 9.61°vs
15.00± 1.85°, P< 0.05), and smaller VMO/VLM ratio (3.49±1.00/4.18±1.51, P< 0.05), and the VMO/VLM
ratio was signi�cantly greater in A Group than the B Group (3.97±1.11 vs3.12±0.70, P< 0.05). There was
no statistically signi�cant difference in VMO/VLM ratio among A Group and C Group
(3.12±0.70/3.97±1.11, P> 0.05). And the VMO/VLM ratio was decreased in the B Group compared with
the C Group (3.12±0.70/4.18±1.51, P< 0.05). The VMO/VLM ratio was positively correlated with the
FAA(r=0.42) in the RPD Group.

Conclusion Compared with the C Group, the patients with recurrent patellar dislocation had a smaller
VMO/VLM ratio. Moreover, the FAA was positively correlated with the VMO/VLM in patients with patella
dislocation. This �nding explained the compensatory thickening of the VMO in response to excessive FAA
in patients with patella dislocation.

Introduction
Patella dislocation was when the patella breaks out of the femoral trochlear groove during movement1.
Repeated dislocation could lead to cartilage wear, ligament damage, knee joint, and hip joint instability.
Correcting patella dislocation was of importance2. The causes of patellar dislocation were considered
multifactorial, including congenital and acquired factors. Abnormal femoral torsion was a developmental
deformity in which the femur suffered excessive internal rotation, clinically characterized by the
appearance of in-toes, internal rotation of the hipbones and knees, and abnormal appearance of the lower
limbs3–5. Abnormal femur torsion, also known as femoral anteversion, could cause a variety of
diseases6. Excessive femoral anteversion could place excessive stress on the iliopsoas muscle and the
upper glenoid, which may lead to pain in the front of the hip and tear of the labrum7. Studies had found
that in frog-leg squatting mimicking patients, abnormal femoral torsion can be accompanied by gluteal
muscle contracture8. In addition, excessive femoral anteversion was one of the important risk factors for
patella dislocation in patients9–11. The main mechanism of patellofemoral dislocation induced by
excessive femoral anteversion may increase abnormal contact stress of the patellofemoral joint, resulting
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in instability of the patellofemoral joint. Quantitative indicators of femoral anteversion had been noticed
by researchers. The femoral anteversion angle (FAA) was de�ned as the torsion between the proximal
and distal femur and de�ned as the angle between the femoral neck axis and the transfemoral posterior
condyle axis. The FAA was a commonly used indicator to guide clinical application. Surgical correction
was recommended to improve the patient's axial alignments when the FAA was greater than 30 degrees.
The relationship between femoral anteversion and knee pain was a biomechanical factor that is worthy
of attention12–14.

The Quadriceps femoris was an important part of the extensor mechanism of the knee joint. The
quadriceps femoris played an important role in maintaining the stability of the knee joint. Quadriceps
femoris were divided into musculus rectus femoris, vastus medialis oblique (VMO), vastus lateralis
muscle (VLM), and musculus vastus intermedius15. The VMO played an important role in addition to
extending the knee joint in the integrated musculoskeletal system of the knee joint. Such as maintaining
the path of the patella and restricting its outward movement, together with the surrounding ligaments and
bones16–18. In addition, it had the effect of limiting excessive rotation and torsion of the knee joint19.
Previous studies had shown that the VMO was atrophied in patients with patellofemoral pain syndrome
(PFPS)20–22. The researchers supposed that the VMO may disuse atrophy. This may be related to the
decreased intensity of movement of the affected limb after patella dislocation, and the need to limit the
strength of the trochlea of the femur to counter patella dislocation disappears. However, in patients with
increased femoral anteversion, represented by abnormal torsion of the femur, an increase in force
resistance to limit excessive knee joint torsion may result in an inappropriate or excessive extension of
the VMO. Especially in patients with recurrent patellar dislocation, the properties of the VMO may be
affected by changes in the mechanical requirements of it due to changes in the overall strength of the
musculoskeletal system19.

However, there was limited evidence on the impact of femoral anteversion on VMO in patients with
patella dislocation. The purpose of this study was to investigate the compensatory thickening or atrophy
of VMO and VLM in patella dislocation patients with large FAA, and whether the thickening or atrophy of
VMO and VLM were correlated with FAA. We hypothesized compensatory thickening of VMO in patients
with patella dislocation with large FAA and a positive correlation between FAA and VMO/VLM.

Materials And Methods

General information
The clinical charts of patients diagnosed with patella dislocation between January 2016 and January
2021 in our institution were retrospectively reviewed. The inclusion criteria were listed as follows: (1) at
least two episodes of patellar dislocation (2) aged between 18 and 45 years; (3) Patients with complete
CT scans of the knee and hip. Exclusion criteria were as follows :(1) history of past knee surgery (2) Other
knee joint diseases, such as fracture, ligament injury, or meniscus injury; (3) Patellofemoral arthritis
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greater than Iwano grade II, (4) incomplete medical history and data. This study divided the patients with
patellar dislocation into two sub-groups with and without excessive FAA (sub-A group, FAA≥30, sub-B
group FAA<30). And age and sex-matched patients in the group of musculoskeletal disorders without a
history of patellofemoral instability were included in this study.

Radiological assessments 
All patients received a 1-mm thickness CT scanning (Somatom, Sensation 16, Siemens Medical
Solutions, Erlangen, Germany) in a supine position with the knee extended and quadriceps muscle
relaxed. The limbs were immobilized with devices to reduce arbitrary movements. All measurements were
conducted on axial CT images. The VMO and VML cross-sectional areas, FAA, was measured using the
Image Storage and Communication System (PACS) workstation (Centricity, GE Healthcare, St. Gilles, UK).

The cross-sectional areas of the VMO and VML were measured 20 mm above the upper pole of the
patella18 23. (Figure 1). The Angle formed by the projection of the line between the central axis of the neck
of the femur and the midpoint of the internal and external condyle of the femur was de�ned as the FAA12

24 25. The central axis of the femoral neck was determined by the following two points: one was the
center of the femoral head, the other was the center of the base of the femoral neck, and the connection
between the two points was de�ned as the axis of the femoral neck. Bilateral condylar axis: The line
parallels the last two points of the medial and lateral femoral condyle and passing through the center
point of the knee. (Figure 2). Two trained observers independently repeated the measurements with an
interval of four weeks.

Statistical analysis
The statistical difference of all measurements was examined using software SPSS (version 21.0; SPSS
Inc., Chicago, IL, USA). The normality of measurements was examined using the Shapiro-Wilk test. The
study was designed as an exploratory study and prior power analysis was not performed. The results
were expressed as mean ± standard deviation. P < 0.05 was considered statistically signi�cant.
Spearman correlation analysis was used to explore the correlation between the FAA and VMO/VML.
Intraclass correlation coe�cients (ICC) were calculated to test the intra-observer and inter-observer
reliability. The ICC agreement was poor when ranged from 0 to 0.2, fair from 0.21 to 0.4, moderate from
0.41to 0.6, substantial from 0.61 to 0.8, excellent from 0.81 to 1.0.

Results
The demographics of the patients were summarized in Table 1. All measurements had good intra-
observer and inter-observer reliability (Table 2).
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Table 1
Patient information and statistics.

Group Age

(years)

Gender

(F/M)

Knees Side (R/L) VMO/VLM FAA

C Group 18.85± 3.49 10/17 27 11/16 4.18± 1.51 15.00± 1.85°

RPD Group 18.80± 5.46 22/5 30 21/9 3.49± 1.00 30.10± 9.61°

A Group 17.88± 5.14 — 17 13/4 3.12± 0.70 23.65± 3.25°

B Group 20.00± 5.62 — 13 8/5 3.97± 1.11 38.54± 8.59°

 
Table 2

Intra-observer and inter-observer agreement of measurements with 95% con�dence intervals.
Measurements Intra-observer Inter-observer

ICC 95%CI ICC 95%CI

Lower Upper Lower   Upper   Lower

FAA 0.996 0.993 0.997 0.991 0.984 0.994

VMO/VLM 0.993 0.989 0.996 0.991 0.985 0.995

Compared with the C Group, the RPD Group had a signi�cantly larger FAA (30.10± 9.61°vs 15.00± 1.85°,
P< 0.05), and smaller VMO/VLM ratio (3.49±1.00 vs 4.18±1.51, P< 0.05), and the VMO/VLM ratio was
signi�cantly greater in A Group than the B Group (3.97±1.11 vs3.12±0.70, P< 0.05). There was no
statistically signi�cant difference in VMO/VLM ratio among A Group and C Group (3.12±0.70 vs
3.97±1.11, P> 0.05). And the VMO/VLM ratio was decreased in the B group compared with the C Group
(3.12±0.70 vs 4.18±1.51, P< 0.05). (Table 3). The VMO/VLM ratio was positively correlated with the FAA
(r=0.42, P< 0.05) in the RPD Group.
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Table 3
The statistics in FAA, and VMO/VLM among

groups.
Group VMO/VLM FAA

C Group 4.18±1.51 15.00±1.85°

RPD Group 3.49±1.00 30.10±9.61°

P-value <0.05 <0.05

A Group 3.12±0.70 23.65±3.25°

B Group 3.97±1.11 38.54±8.59°

P-value <0.05 <0.05

C Group 4.18±1.51 15.00±1.85°

A Group 3.97±1.11 38.54±8.59°

P-value 0.67 <0.05

C Group 4.18±1.51 15.00±1.85°

B Group 3.12±0.70 23.65±3.25°

P-value <0.05 <0.05

Discussion
The most important �nding of this study was that patients with recurrent patellar dislocation had larger
FAA and smaller VMO than normal people. There was a positive correlation between FAA and VMO/VLM
ratio in patients with patella dislocation18 23. This �nding explained the compensatory thickening of the
VMO in response to large FAA with patella dislocation in humans. The present study supported that the
rationale of the derotational femoral osteotomy (DFO) in correcting the malalignment of lower limbs in
the treatment of patients with recurrent patellar dislocation26 27.

Femoral anteversion was commonly larger in adolescents than the adults and returns to normal levels
with grows3. In this study, the patients with open osteoepiphysis were excluded. Large FAA could cause
the internal rotation of the distal femur and was reported related to the PFPS12–14. It had been reported in
previous studies that the VMO was atrophied in patients with PFPS20–22. However, due to the complex
etiologies of patellofemoral instability, including congenital force line and bone structure factors, as well
as acquired factors such as muscles and ligaments, we believed that one of the important reasons was
the increase of FAA. Musculoskeletal parameters were generally measured using MRIs and ultrasound. In
this study, CT scans of the lower limbs were applied to analyze the anomalies of both the osseous and
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musculoskeletal factors. We found that VMO/VLM ratio increased in patients with patella dislocation
with FAA≥30, but the difference was not statistically signi�cant compared with the normal population.

It was generally believed that the normal femoral anteversion had a large range between -10° to 22°, with
the mean of 10° to 15° for most adults, and more than 30° indicating a more serious increase of femoral
rotation28 29. The increase of FAA could lead to the in-toeing gait of humans, which changed the line of
force of human lower limbs, leading to compensatory external torsion of the tibia and lateral patella tilt
which was easy to cause the patellar instability and damage of VMO and VLM3–5. In addition, the internal
rotation of the distal femur maked the lateralization of patellar tracking relative to the femoral trochlea,
which may increase the burden on the VMO in patients with patella dislocation and might lead to
compensatory thickening.

The medial soft tissue included in the VMO was an important stabilizer that restricts the patellar
lateralization during the knee �exion and extension. When the FAA increased, the greater the axial stress
of the patella might cause the greater demand of the VMO strength, which might result in compensatory
thickening of the VMO. Surgical indications for increased FAA were patients with poor patellofemoral joint
force line symptoms and FAA greater than 25° to 30°, and DFO was usually performed. The malalignment
on the transverse plane could be corrected by DFO. This study may support the DFO as an additional
treatment option combined with reconstruction of soft tissue for patients with recurrent patella
dislocation and excessive femoral anteversion27 30.

There were some limitations to our study. The sample size of the study was so small that we could not
further explore how the results relate to more factors. Long-term and large-scale follow-up of the
relationship between FAA and VMO was still necessary for future studies.

Conclusion
Compared with the C Group, the patients with recurrent patellar dislocation had a smaller VMO/VLM ratio.
Moreover, the FAA was positively correlated with VMO/VLM in patients with patella dislocation. This
�nding explained the compensatory thickening of the VMO in response to excessive FAA in patients with
patella dislocation.

Abbreviations
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Figure 1

Measurement of the cross-sectional area of VMO and VML

Figure 2

Measurement of FAA


