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Abstract
Background: First-line treatment of patellofemoral pain usually involves exercises targeting the vastus
medialis oblique. Previous studies have shown changes in muscle architecture after physiotherapy.
However, there has been little research on long-term effects following cessation of therapy. The aim of this
study therefore, was to determine the minimum amount of exercise required to maintain changes in the
vastus medialis oblique achieved after six weeks of physiotherapy.
Methods: Sixteen healthy volunteers underwent an ultrasound scan to establish their initial vastus medialis
oblique muscle fibre angle and insertion level. After a six-week exercise programme (phase 1), they were
re-scanned. Participants were then randomly allocated to one of four groups to continue the exercises:
once a week, twice a week, three times a week, or not at all, for a further 6 weeks (phase 2) after which
they were scanned again.
Results: Phase 1: there was an average increase in fibre angle of 4.41° (p<0.5)
Phase 2: there was a mean decrease in fibre angle of 5.88° with no exercise, and 2.5° with exercises once
a week; a gain of 0.75° with exercises twice a week, and a gain of 3.12° with exercises 3 times a week.
There was a strong correlation between the change in insertion angle and ratio, and the number of knee
exercises per week. There were no statistically significant changes in the insertion level of the VMO, either
in phase 1 or phase 2.
Conclusions: The exercise programmes prescribed for patellofemoral pain have a positive effect on the
vastus medialis oblique fibre angle and insertion level. However, it is necessary to continue exercises twice
a week in order to maintain the gains achieved by the initial exercise regime.
Keywords: Vastus medialis; Exercise therapy; Patellofemoral pain syndrome; Ultrasound

Introduction
Patellofemoral Pain (PFP) is a common knee problem that is often seen in clinical practice, presenting
with symptoms of anterior or retropatellar knee pain [1]. Causes of this condition are multifactorial, but
are thought to include an imbalance between the vastus medialis (VM) and vastus lateralis (VL) [2],
and abnormal morphology of structures in the knee joint [3]. The distal fibres of the VM, often referred
to as the vastus medialis oblique (VMO), are thought to be important in maintaining patella alignment.
Estimates of the prevalence of PFP vary from 12% to 45% [4, 5]. It is most commonly seen in
young, athletic females, although it can also be seen in males and non-athletic individuals. Insufficiency
of the VMO is thought to be a contributing factor in PFP, and physiotherapy designed to target the VM
is usually the first-line treatment [6, 7]. There is good evidence that VMO exercises help to alleviate
the symptoms of PFP, [6, 8, 9] however there are limited data on the long-term results following knee
rehabilitation.
There have been several studies using a validated ultrasound method [10] to investigate the
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architecture of the VMO in symptomatic and asymptomatic
individuals [11-14]. An in vivo study using ultrasound has
identified changes in VMO muscle architecture (fibre angle
and patellar insertion ratio) following a six-week regime of
physiotherapy [15]. There is however, no information in the
literature regarding changes in the muscle architecture in
the long term, either continuing with the training, reducing
it, or abandoning it altogether once the patient has reached
the end of the prescribed programme of physiotherapy. This
means that healthcare professionals have little guidance
when providing a treatment plan for patients with PFP.
The aim of this study was, therefore, to monitor the longerterm effects on changes to the VMO muscle architecture brought
about by a six-week programme of physiotherapy, by cessation
or reduction of the exercise regime, and to try to recommend
the optimum amount of exercising necessary to maintain the
changes to the VMO achieved by the exercise programme.
A cohort of 16 asymptomatic, young volunteers were
recruited to take part in this study. Asymptomatic volunteers
were chosen so that the possible effects of PFP on their
ability to undertake exercises would not compound the
variables of this study; and, since it has been shown that the
effects of exercise are more marked in subjects with a low
initial fibre angle [15], volunteers were screened for activity
levels, and relatively sedentary individuals were chosen to
participate in the study.
Exercises targeting the VMO for relief of PFP have
been successful in previous trials, [16, 17] however there
is conflicting evidence on whether open-chain kinetic
exercises (OCKE) or closed-chain kinetic exercises
(CCKE) are more effective for targeting the vastus medialis
specifically, rather than also targeting the other muscles of
the quadriceps group [6, 18, 19]. Although there have not
been significant differences in the outcomes of OCKE and
CCKE programmes [8], some individuals have reported
more pain when using CCKE [9], hence an OCKE regime
was used in this study.

2

Ultrasound procedure
A Philips iU22 ultrasound system (Serial No. 02KH9W)
with a L17-5 linear array probe (Serial No. B07C4F) was
used in this study.
The subject was examined in a supine position with
their legs fully extended and relaxed on the ultrasound
examination table. The subject’s knees were immobilised by
placing a pillow beneath their ankles.
The procedure described in previous studies [12-15] was
followed. The parameters measured were: the VMO fibre
angle in relation to the femoral axis, the length of the patella,
and the insertion length (the length of the VMO insertion
along the medial border of the patella with VMO fibres
attached to it). Using the patella length and insertion length,
the VMO insertion can be expressed as a percentage, the
‘insertion ratio’ (Figure 1).
The superior border of the patella (base) and the inferior
border of the patella (apex) were palpated and marked on
the skin. The patella length was then measured using digital
callipers (resolution 0.01mm) (Figure 2). The mid-point
of the patella was then determined with the callipers, and
marked on the skin.
The femoral axis was determined by placing a one-metre
metal ruler with the proximal end on the anterior superior
iliac spine (ASIS) and the distal end passing through to the
mid-point of the patella. A 10 cm line was then drawn on the
skin from the inferior border of the patella towards the ASIS
to represent the femoral axis (Figure 2).
The probe was carefully placed on the distal VMO and
rotated until the fibres of the VMO were seen running parallel
with each other on the ultrasound monitor; the angle of the
probe relative to the femoral axis indicates the VMO fibre

Materials and Methods
Sixteen young, asymptomatic volunteers were recruited
for this study, six males and ten females. Ethics approval
was obtained from the local Research Ethics Committee, and
the participants all gave informed consent. The following
exclusion criteria were applied:
•

Age < 18 or >30

•

Previous quadriceps muscle injury

•

Previous knee surgery or injury

•

Previous or existing knee pain

•

Previous or existing inflammatory conditions

•

Tegner Score >4

The Tegner activity scale is a validated 10-point scale
that quantifies an individual’s level of activity [20], and is
commonly used in the assessment of knee injuries [21]. A
score of 4 or less, indicating a relatively sedentary individual,
was a requirement for participation in this study.

Figure 1: Drawing of the quadriceps to show VMO fibre
angle and insertion length: a-insertion length, b-patella
length, c-VMO fibre angle in relation to the femoral axis.
SB- Superior border of patella, IB- inferior border of patella,
VM – vastus medialis, RF – rectus femoris, VL –vastus
lateralis, vertical black line indicates femoral axis. Insertion
ratio (%) given by (a/b)*100. (Drawing by HA).

Citation: Arnantha H, Robertson C, Killingback A, Adds PJ (2017) Maintenance of exercise-induced changes in the architecture of
the VMO: how much is enough? An in-vivo ultrasound study. Orthop Spine Sports Med (2017) 1:1 003

Volume 1: Issue 1: 003

3

Exercise 2 – Isometric quadriceps contraction.
While in the supine position the subject placed a rolled
towel (or equivalent) beneath their ankles (Figure 5a) and lay
in a relaxed position. They then contracted their quadriceps,
straightening the limb (Figure 5b); this position was held
for 10 seconds before returning to a resting position.

Figure 2: Superior and inferior borders of the patella and
femoral axis marked on the skin. b- patella length.

Participants carried out 3 sets of between 12-20 reps
of each exercise on both legs on the same day, every other
day for a period of 6 weeks. Participants were given live
demonstrations of the exercises as well as a point of contact
to clear any uncertainty during the 6 weeks. Participants
were requested to keep an exercise calendar to record their
compliance. At any point should a participant feel pain or
discomfort, they were asked to stop the exercise programme
immediately and contact the study coordinator.
Upon completion of the 6 week exercise programme,
all the participants had a second ultrasound scan to obtain
the post-exercise measurements of VMO fibre angle, patella
length and insertion length.

Phase 2
Following their second ultrasound session the participants
were randomly allocated into one of four groups for the next
six week:
Group EX0: stopped exercises completely.
Group EX1: continued the exercises once a week;
Group EX2: continued the exercises twice a week;
Figure 3: Femoral axis, VMO fibre direction and angle, and
insertion length shown on subject’s knee.

angle. The angle of the probe was marked, the probe was
then removed and a straight line was drawn to intersect the
femoral axis (Figure 3). The fibre angle was then measured
with a transparent protractor.
The probe was then placed horizontally medial to the
superior border of the patella and moved distally until the
muscle fibres of the VMO could no longer be seen on the
monitor. The position of the probe represented the distal
extent of the VMO. As before, the position of the probe was
marked on the skin, the probe was removed, and the distance
between the probe level and the superior border of the
patella (insertion length) was measured with digital callipers
(Figure 3). The insertion ratio could then be calculated and
expressed as a percentage by dividing the insertion length by
the length of the patella.

Phase 1

Group EX3: continued the exercises three times a week;
The exercises remained the same, and participants
who continued with their exercises were told to spread the
exercises out equally over the week.
Upon completion of the phase 2, a third ultrasound scan
was carried out on all participants.

Intra-rater reliability study
To eliminate inter-rater variation, all ultrasound scanning
was carried out by the same, trained operator. To assess the
reliability of this operator’s readings, an intra-rater reliability

Figure 4: Knee extensions a) limb in resting position; b) leg
in active extended position.

Physical therapy programme: All 16 subjects underwent
phase one of the trial involving a 6-week exercise programme
tailored to reduce the symptoms of PFPS.
Exercise 1 – Knee extensions. The subjects lay in a
supine position with a folded pillow beneath the knee to
create a slight bend (Figure 4a). The subject then fully
extended their knee and held the position for 10 seconds
before returning to the rest position Figure 4b).

Figure 5: Isometric quadriceps contractions; a) Limb in
relaxed position; b) right limb with quadriceps contracted.
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study was carried out. A healthy individual matching the
same exclusion criteria was selected to be scanned once a
week for five weeks. The same measurements of the VMO
angle, insertion length and patella length were taken. This
individual did not take part in the exercise programme;
therefore changes in the architecture of the VMO were not
expected. The coefficient of variance (CV) was calculated.

Statistical analysis
Data were analysed for normal distribution using the
Shapiro-Wilk test. Data from the first phase of the programme
were analysed using a t-test to identify if changes in the VMO
fibre angle and insertion ratio were statistically significant.
Data from the second phase of the programme were analysed
using one-way analysis of variance (ANOVA) to determine if
any differences of VMO fibre angle and insertion ratio were
significant. An unpaired t-test was used to compare results
between different groups. Statistical analysis was carried out
using SPSS v24.0 (IBM SPSS Statistics).

Phase 1 - VMO angle change: The mean VMO angle
prior to exercise was found to be 61.5°, range 49°-70°. After
the exercise programme the average VMO angle increased
to 65.9°, range 59°-74° (p < 0.001) (Table 2).
Phase 1-VMO insertion ratio: The mean VMO
insertion ratio prior to exercise was found to be 40.11%
(range 23.52%-53.38%). After the exercise programme the
average insertion ratio increased to 40.20% (range 24.10%63.26%). This change was not statistically significant
(p=0.9202) (Table 2).
Phase 1- Compliance: The self-reported compliance
exercise calendar for phase 1 indicated an average
compliance of 91.25%±11.85 (range 60-100).
Phase 2 – VMO angle change: The Shapiro-Wilk test
showed that results data were normally distributed (p > 0.05).

Anthropometric data

On average the group which stopped all exercises (group
EX0) saw a decrease in fibre angle of 5.88° (range: -13°(-2°)). The group which continued the exercises once a week
(EX1) saw a reduction in fibre angle of -2.5° (range: - 5°0°). The group which continued to exercise twice a week
(EX2) showed the least change with an average increase
of fibre angle of 0.75° (range: -2° - +2°). The group which
continued exercises three times a week (EX3) showed a
further increase in average VMO fibre angle of 3.13° (range
1°-8°) (p<0.001, Table 3). There was found to be a strong
correlation between VMO angle change and the number of
days of exercise per week (R2 = 0.994) (Figure 6).

Ten female and 6 male, relatively sedentary, subjects
were eligible for the study and each gave informed consent.
The average Tegner activity score for participants was 3.35
(range 2-4). The anthropometric data are given in Table 1.

Phase 2 – VMO insertion ratio: There were changes in
the insertion ratio, however, these changes were not found
to be statistically significant (p=0.347). For group EX0 the
VMO insertion ratio increased by 0.20% (range -12.96% -

Results
Intra-rater reliability study
The coefficients of variance were: 0.009 (patella length),
0.03(VMO insertion length) and 0.01(VMO fibre angle). A
coefficient of variance of less than 0.05 indicates that the
results collected by this operator were highly reliable.

Age (Years)
18.82±1.28
18-23

Mean ± SD
Range

Weight (kg)
67.71±9.42
56-87

Height(m)
1.72±0.09
1.58-1.89

BMI
22.95±2.39
18.82-28.09

Tegner Score
3.35±0.61
02-Apr

Table 1. Anthropometric details for subjects in the study.
Mean ± SD
61.5±5.05
65.9±4.92
4.4±3.01**
40.11±8.88
40.20±10.21
0.09±5.25 (ns)

Initial VMO angle (°)
Final VMO angle (°)
VMO angle change
Initial insertion ratio (%)
Final insertion ratio (%)
Insertion ratio change (%)

Range
49-70
59-74
-13
23.52-53.38
24.10-63.26
-16.91

Table 2: VMO fibre angle and insertion ratio: initial and final values and change, in in phase 1 of the study. ** p<0.001, ns no
significance.
Fibre angle
change(°) (mean
± SD)

Fibre angle
change
(range)

Group EX0

-5.88±3.27**

-11

Group EX1

-2.5±1.93**

-5

Group EX2

0.75±1.28**

-4

Group EX3

3.13±2.23**

01-Aug

Insertion ratio
change
(mean ± SD)
0.20±5.52
ns
0.39±3.24
ns
4.38±4.58
ns
2.24±6.63
ns

Insertion ratio
change
(range)

Compliance
(mean ± SD)

Compliance

-19.42

100±0

100-100

-10.81

95.00±9.26

80-100

-15.09

93.75±7.39

83.33-100

-17.78

87.50±8.77

78-100

(range)

Table 3: VMO fibre angle and insertion ratio, and self-reported compliance for the 4 groups after phase 2 of the study. EX0, no
exercise, EX1 exercised once a week, EX2 exercised twice a week, EX3 exercised 3 times a week. ** p<0.001, ns no significance.
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fibre angle was therefore to be expected following phase 1 of
this trial, which was found to be the case: the average fibre
angled increased by 4.4° from 61.5° to 65.9° (p<0.001). This
is in line with the 5.24° increase reported by Khoshkhoo et
al. [15] following a similar exercise regime. It would not
be unreasonable, therefore, to expect changes in VMO fibre
angle of this order in PFP patients who have completed a
physiotherapy programme such as that described here.
The aim of phase 2 of this trial was to quantify the level of
activity that would be necessary to maintain the changes in
the muscle architecture achieved during phase 1.
Figure 6: Scatter plot showing the relationship between the
number of exercises performed per week and the change
in VMO fibre angle (°).

6.46%). Group EX1 showed an increase in insertion ratio of
0.39% (range -3.62% - 7.19%). Group EX2 demonstrated an
increase in VMO insertion ratio of 4.38% (range -4.36% 10.73%). Group EX3 also saw an increase in VMO insertion
ratio by 2.24% (range -9.32% - 8.46%) (Table 3).
Comparing groups using an unpaired t-test, EX0
compared to EX1 was not significant, EX1 compared to
EX2 was significant (p<0.05), and EX2 compared to EX3
was not significant.
Phase 2 – compliance: Average overall compliance for
all groups was 94.06%, (range 78%-100%) (Table 3).

Discussion
This study aimed to identify the effects of OCKE on the
architecture of the VMO in non-pathological individuals,
and, furthermore, to determine the minimum amount of
exercise required post-rehabilitation to maintain any changes
achieved in muscle architecture. It is common in clinical
practice to provide physiotherapy as a first line treatment
for sufferers of PFP [8, 22]. Although the exact cause of
PFP is uncertain, atrophy of the VMO is thought to be a
contributory factor [23], hence the use of VMO targeting
exercises for patients presenting with PFP.
It has been shown that the insertion level, fibre angle and
muscle volume were all significantly smaller in a group of
patients with PFP syndrome [12]. Although physiotherapy
targeting the VMO has shown significant improvements in
PFP symptoms within a short period of time [16], chronic
or recurrent symptoms usually require continuous VMO
training [24]. This study has shown a significant difference
in VMO fibre angle following 6 weeks of OCKE training;
and, furthermore, that it was necessary to continue exercising
a minimum of twice a week in order to maintain the fibre
angle change that was achieved after the initial six-week
exercise programme.

VMO fibre angle
The average initial VMO fibre angle for the relatively
sedentary participants in this investigation was 61.5°, which
is consistent with previous literature [14, 15]. Previous
studies have demonstrated hypertrophy and an increase
in the angle of pennation in the VM and other muscles
following strength training [15, 25]. An increase in VMO

Taaffe et al. [26] conducted a 24-week quadriceps
training programme; 24 weeks after cessation of training,
a reduction in strength of 7.7% was reported. Narici et al.
[27] reported that quadriceps atrophy was associated with a
reduction in pennation angle of 16%. In our study, complete
cessation of the exercises (group EX0) led to an average
reduction in VMO fibre angle of 5.88°, back to below the
former baseline. In group EX1 (who completed the exercises
once a week) the VMO fibre angle was reduced by 2.5°, a
loss of over half the increase achieved during phase 1.
Subjects in group EX2 (exercising twice a week),
however, saw a slight increase in fibre angle (0.75°), and there
was a statistically significant difference when comparing the
results from groups EX1 and EX2. Group EX3 (exercising
three times a week) achieved an increase of a further
3.13°. On that basis we would recommend continuation of
physiotherapy twice a week following an initial six-week
programme, in order to maintain the increase in fibre angle
already achieved.

Insertion ratio
This study indicated an average initial insertion ratio
of 40.11% prior to exercise and 40.20% after phase 1,
an insignificant difference. Differences following phase
2 were also not significant. It is difficult to know how to
interpret these results. While Benjafield et al. [14] reported
insertion ratios that were not significantly different in
sedentary and athletic subgroups, Khoshkhoo et al. [15]
reported a significant change following a similar quadriceps
strengthening regime. From the results reported here it
would appear that neither short-term nor long term exercises
have an influence on the insertion ratio. An unusual finding
was that in group EX0, there was a slight increase in average
insertion ratio six weeks after cessation of the exercises.
Although it has been suggested that the greater the
insertion ratio, the greater the stability of the patella, it has
also been shown that 25% of pathological knees had an
insertion ratio of greater than 60% [28]. Jan et al., [12] on
the other hand, reported that lower insertion ratios tend to
be associated with PFP, and ratios as low as 17.3% have
been reported in symptomatic individuals [29]. From these
apparently conflicting data it could be hypothesised that PFP
may be associated with insertion ratios at either the lower or
higher extremes of the range.
In summary, the results of this study show that it is
necessary to continue exercising twice a week to maintain
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the gains achieved in a six-week quadriceps strengthening
physiotherapy programme. This information is valuable
evidence which healthcare professionals may want to
incorporate to optimise long-term treatment plans for
patients presenting with PFP.

Limitations
The main limitation in this study was the limited sample
size (n=16). A larger sample would have given more
statistical weight to the study. Even though the overall
compliance was close to 94.06% for phase 2 and 91.25%
for phase 1, this was a self-reported compliance level, which
relied on the participants remembering to do their exercises
and to mark the calendar truthfully.
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