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Abstract
Background: Temporal difference in activation of medial-lateral hamstrings could lead to external tibial
rotation. It was assumed that patients with patellofemoral pain syndrome (PFPS) exhibit altered medial-
lateral hamstrings muscular pattern during functional tasks. Objectives: The aim of this study was to
compare the electromyography (EMG) activity of quadriceps and hamstrings in patients with PFPS and
healthy subjects during stair descending. Design: cross sectional comparative study Setting: Motion
analysis Lab, Rehabilitation research center, Shiraz University of Medical Sciences Participants: 24
women with PFPS and 24 healthy subjects, aged 18-40 years recruited through convenience sampling
method participated in this study. Interventions: The EMG activity of vastus medialis obliqus (VMO),
vastus lateralis (VL), medial (MH) and lateral hamstrings (LH) recorded during stair descending. Main
outcome measures: Onset latency and intensity of muscle activity measured relative to the moment of
foot contact.  Results: There were statistically signi�cant difference in onset of hamstrings heads (LH-
MH) between groups (p=0.014). The BF activated before ST in PFPS group. Normalized muscular activity
was signi�cantly reduced for VMO (p=0.002), VL (p=.045), and LH (p=0.019) in PFPS patients.
Conclusions: Difference in temporal activation patterns of BF and ST may result in lack of rotational knee
stabilization and lead to increased patellofemoral joint pressure. Earlier activation of LH rotates tibia
externally, and hence, produced lateral patellar tracking.

Background
Patellofemoral pain syndrome (PFPS) is a common complaint of active adults and adolescents which
accounts for 25–40% of all knee problems in orthopedic clinics.(1) PFPS is a multifactorial condition
leading to anterior or peripatellar pain exacerbated by repetitive loading activities such as stair
descending, prolonged sitting, kneeling and squatting, running, hopping and jumping.(2) Understanding
the pathogenesis of PFPS seems to be essential for early and precise diagnosis of PFPS and to
implement proper preventative or curative programs.

The quadriceps muscle is the primary active stabilizer of patellar tracking, and is responsible for
patellofemoral joint normal function.(3) Abnormal lateral tracking of the patella is a common accepted
etiology for PFPS. This could be due to altered temporal control of vastus medialis obliqus (VMO) and
vastus lateralis (VL) and reduced activity of VMO. Abnormal patellar tracking would result in abnormal
shearing and compressive forces on patellofemoral joint during routine activities. Increased local stresses
can contribute to articular damage leading to early osteoarthritis.(4) Several studies have evaluated
electromyographic (EMG) activity of VMO and VL to assess timing pattern and muscle activity level
during functional activities such as stair ascending or stair descending. (5–10) Previous researches by
Cowan et al. and Tiggelen et al. have found a delay in VM onset relative to VL onset in PFPS population
compared with healthy control group during stair stepping;(9, 11) while others have not found VMO-VL
onset timing difference during similar tasks.(10, 12) Powers et al have reported higher quadriceps
activation level in people with PFPS(13). Also, Mohr et al. concluded that greater EMG activity of VMO
and VL re�ects knee extensor weakness.(14) However, there is controversy in literature regarding the
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imbalance between vasti muscles.(15) Therefore, de�nite relation between VMO and VL temporal
imbalance in PFPS still remains unclear.(16)

Moreover, hamstrings in�uence patellofemoral joint indirectly by alteration in tibiofemoral kinematics.
Several in-vitro studies have showed that altered kinematics of tibiofemoral joint could lead to
maltracking of patella and cartilage degradation.(17, 18) Abnormal transverse displacement of tibia has
a signi�cant effect on pressure distribution pattern of patellofemoral joint.(19, 20) Increased posterior
translation and external rotation of tibia can in�uence lateral tracking of the patella and lead to increased
patellofemoral contact pressure.(18) Therefore, given that the PFPS is theorized to be associated with
increased external tibial torsion, one can speculate that imbalance between medial and lateral
hamstrings might result in patellar maltracking.(21–23) Dieter et al. reported delayed activity in
semitendinosus (ST) relative to biceps femoris (BF) in patients with PFPS. They also reported higher
activation level of BF and lower activation level of ST in patients with PFPS.(21) Another study found that
people with PFPS had reduced activity of hamstrings during eccentric leg press.(24)Werner et al.
evaluated EMG activity of quadriceps and hamstrings muscles in patients with PFPS during knee �exion
and extension. They reported lower quadriceps and hamstrings EMG activity during knee extension while
there were no signi�cant differences during knee �exion.(25) A study assessed EMG timing of quadriceps
and hamstrings in patients with anterior knee pain during maximal isometric contraction. They reported
that lateral hamstrings activated earlier in these patients in comparison to healthy people, which may
lead to an increased abduction and external rotation moments.

Although researchers have noticed early activation of lateral hamstring (LH) relative to medial hamstring
(MH), these results were obtained during stationary conditions(22) or during cycling(21). To date, no
study has examined the EMG activation pattern and muscle activity level of medial and lateral
component of vasti and hamstrings during a functional task.

It is known that weight bearing conditions can signi�cantly impact joint stability by altering the
neuromuscular responses and active muscular conditions.(26) Stair descent is a suitable way to evaluate
the neuromuscular activity of patellar stabilizers and to recognize the abnormal movement patterns.(27)

As the eccentric type activities such as stair descent are more challenging tasks due to greater quadriceps
muscular and mechanical demands, we designed a functional methodological approach to assess the
neuromuscular coordination of medial and lateral heads of vasti and hamstrings. Therefore, the purpose
of this study was to compare the vasti and hamstrings muscle activity level and temporal activation
pattern in subjects with and without PFPS. We hypothesized that individuals with PFPS have signi�cantly
earlier and higher LH activity compared to MH during stair descending when compared to healthy
subjects.

Methods
Participants
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In this cross sectional comparative study, a sample of 24 women with PFPS and 24 healthy subjects,
aged 18–40 years, were recruited. The sample size calculation was based on BF onset latency in a
previous study (21) with considering the signi�cance level of 0.05 and power of 80%. The PFPS inclusion
criteria were as: (1) history of unilateral retro- or peripatellar pain for at least one year that could be
provoked by at least 2 of the following activities: prolonged sitting, stair ambulation, squatting, running,
kneeling, hopping or jumping (26) ; (2) positive patellar grinding test; (3) an average pain level of at least
30 mm on the 100 mm visual analog scale (VAS) in the last 3 months; (4) functional level of at least 11
on Functional Index Questionnaire (FIQ); and (5) a BMI between 18.5–24.9. As BMI affects
neuromuscular strategies, to reduce confounding factors we only recruited women within normal range of
BMI.(28)

Exclusion criteria were the followings: history of low back pain (LBP) and sacroiliac dysfunction for at
least the previous 6 months, history of knee surgery and treatment during the preceding 6 months,
physiotherapy, acupuncture or steroid injection during the last 6 months. Metabolic or rheumatologic
diseases affecting the musculoskeletal system also considered as exclusion criteria. PFPS participants
recruited via advertisement at physiotherapy clinics in Shiraz, Iran.

Control group included healthy female volunteers aged 18–40 y/o. They were matched to PFPS group on
age and BMI and the assessed leg was assigned according to symptomatic side of their matched
counterparts. The study was approved by the local medical Ethics Committee in accordance with the
standards of Helsinki decleration and informed consent was obtained from all the subjects prior to
participation in the study.

Instrumentation

EMG recording

Surface EMG involved skin preparation and placing pairs of Ag-AgCl electrodes with a center-to-center
distance of 20 mm over the bellies of the following muscles: VMO, VL, BF and ST. The electrode
placement methods were in accordance with SENIAM guideline.(29) The VMO electrode placed at a
distance of 80% on the line between the anterior superior iliac spine (ASIS) and the joint space in front of
the medial ligament. The ground electrode placed over the tibial tuberosity. For the VL, electrode placed at
2/3 on the line from ASIS to the lateral side of the patella. The ground electrode placed over the �bular
head. The BF electrode placed approximately at the half of the line connecting ischial tuberosity to lateral
epicondyle of tibia. The ground electrode placed over the greater trochanter. The ST electrode was located
at midpoint of the line connecting the ischial tuberosity to medial epicondyle of the tibia. The ground
electrode placed over medial tibial condyle. An adhesive anti-allergic tape used to �x the electrodes and
wires to prevent motion artifact during the test.

An eight-channel EMG system (ME6000, © Mega Electronics Ltd., Microkatu, FINLAND) used to obtain
raw EMG signals. We also connected a foot switch to EMG system to determine the exact time of foot
contact to predetermined step. Two foot switch sensors were placed over the third step. One was
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embedded in front of the step, so that it could sense the pressure exerted with the base of metatarsal
heads. The other one placed at the back of the step, which could sense the pressure of participants’ heel.
People were not aware of the location of the foot switch sensors in order to avoid disturbing the pattern
of descending the stairs. Foot switch place was masked using a cover on stairs. EMG onsets were
determined relative to the exact time of foot contact.

Stair apparatus

The stair set consisted of 72 cm platform with 5-steps of 11 cm height. Subjects were allowed to
participate in �ve attempts before the initiation of EMG data gathering.

Procedure

The participants performed the stair-descending task barefoot with arms by their sides and the feet
approximately shoulder width apart. They were asked to stand relaxed until hearing the alarm of the stop
watch, upon which starting to descend step over step at a self-selected pace with uninvolved leg and side
matched leg along a central line down the stairs. As control of the timing of descending affects EMG
signals by disturbing a normal gait cycle(30), we did not control the speed of stair descending. Before the
beginning of the trial, EMG recorded for 3 seconds during quite standing to monitor EMG baseline noise.
The test repeated 5 times with a 30- seconds rest interval to prevent fatigue. The subjects also took a
minimum of one stride following stair descending to maintain a continual movement pattern. To evaluate
between- session reliability, the same examiner used an identical protocol in two sessions, one-week
apart, tested eight participants in each group.

EMG Analysis

All the analyses were performed using MATLAB software (The Math Works, Inc., Natick, MA, USA). The
EMG signals for stair descending trials were fully recti�ed, band pass �ltered at 20–500 Hz and
processed using the root mean square (RMS) calculation over the a 50 ms window.(10)Activation onset
of each muscle was determined with a computer algorithm. the EMG amplitude was de�ned when the
amplitude exceeded 10% of the mean peak amplitude across the descending trials.(31) The recti�ed
un�ltered EMG data were visually checked to verify the onsets identi�ed by the computer to ensure that
movement or electrocardiogram artifacts did not interfere with detected real onset. The EMG data
recorded from 3 seconds before the beginning of the trial. The average of �ve trials was used for
statistical analysis. EMG amplitude of each muscle was normalized to peak activation level. A computer
algorithm determined the maximum RMS amplitude during stair descending. The VMO onset was
subtracted from the VL onset to quantify quadriceps timing difference. A positive value indicates pre-
activation of VMO, while a negative value means VMO delay. Considering MH and LH, onset time
difference (OTD) was calculated by subtracting the onset time of MH from that of LH. The OTD among
�ve trials was averaged for each participant. A positive value showed that MH activated earlier than LH,
whereas negative value indicated that LH activated prior to MH.
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Statistical analysis

Data were analyzed using SPSS software version 21.0 (SPSS Inc., Chicago, IL). Shapiro-Wilk test
indicated non-normal distribution of EMG data. Differences between groups were tested using Man-
Whitney test. To determine the sequence (trend) of muscle activation during stair descending, Friedman
test was used. Intra-rater reliability was evaluated using intra-class correlation coe�cient (ICC).

Results
Baseline characteristics of the subjects are presented in Table 1.

Table 1
Comparison of baseline characteristics of the participants

Groups Control (n = 24) PFPS (n = 24) P value

Age (year) 23.25 (2.55) 24.95 (2.38) 0.37

Weight (kg) 59.16 (7.20) 59.45 (5.91) 0.87

Height (m) 1.65 (0.04) 1.65 (0.04) 0.76

Body Mass Index(kg/m2) 21.39 (1.95) 21.53 (1.62) 0.78

Visual Analog Scale (0-100) 00.00 (0.00) 5.62 (1.05) -

Functional Index Questionnaire (0–16) 16.00 (0.00) 11.58 (0.77) -

Data presented as mean (standard deviation)

As groups were matched on age and BMI, no signi�cant differences were found in age, height, weight and
BMI (P > 0.05). In addition, there was no signi�cant difference in stair descending time between two
groups.

Onset time latency and amplitude of muscle activity were assessed during two separate sessions and ICC
was calculated. Table 2 demonstrates ICC for all the measures.
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Table 2
Interclass correlation coe�cients for onset latency, mean RMS, and peak RMS

  Trial 1
Median (25–75 IQR)

Trial 2
Median (25–75 IQR)

ICC

Onset VMO − 123.37 (-189.50 to 7.116) -115.93 (-179.00 to 136.75) 0.64

VL -137.00 (-208.37 to -78.60) -118 (-161.91 to -84.75 ) 0.95

MH -190.08 (-240.43 to -55.12 ) -125.00 (-190.91 to -40.68 ) 0.79

LH -197.00 (-242.70 to -55.22) -179.32 (-242.13 to -45.31) 0.88

Mean RMS VMO 40.67 (34.89 to 59/37) 47.50 (24.42 to 58.87) 0.73

VL 42.30 (28.67 to 64.20) 36.59 (22.25 to 52.52) 0.64

MH 24.78 (14.52 to 33.05) 22.95 (17.78 to 36.74) 0.56

LH 15.04 (11.68 to 23.75) 14.51 (12.27 to 20.24) 0.73

Peak RMS VMO 108.89 (80.54 to 174.50) 85.78 (68.60 to 146.11) 0.76

VL 92.66 (71.59 to 165.12 ) 97.18 (52.63 to 127.54) 0.57

MH 88.32 (46.41 to 126.56 ) 82.75 (49.95 to 131.05) 0.65

LH 39.21 (29.58 to 67.17) 45.73 (35.24 to 72.78) 0.63

The results showed a moderate to very high reliability in onset latency. Moderate to high reliability was
obtained for mean and peak RMS while descending stairs in test-retest sessions.

The median and inter quartile range (IQR) of the relative Δ onset in PFPS and control subjects are shown
in Table 3. There was a statistically signi�cant difference in the onset difference of the heads of
hamstrings (LH-MH) between groups (p = 0.014), while no difference was found for the onset difference
of the heads of quadriceps (VL-VMO) (p = .24). It showed that LH onset occurred before MH activation in
patients with PFPS.
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Table 3
Onset time difference during stair descending

  PFPS Control p-
value

Median(25%-75%
IQR)

Median(25%-75%
IQR)

Onset time
difference

VL onset - VMO
onset

-42.33 ( -212.90 − 
12.93 )

-7.83 ( -77.00 − 36.93
)

0.248

LH onset - MH
onset

46.00 ( -10.31 − 
145.92 )

-55.83 (-234.80 − 
142.75 )

*0.014

Normalized EMG
activity

VMO 0.41 ( 0.35–0.45 ) 0.33 ( 0.28–0.39 ) *0.002

VL 0.41 ( 0.35–0.45 ) 0.33 ( 0.28–0.39 ) *0.045

MH 0.42 ( 0.34–0.49 ) 0.38 ( 0.29–0.43 ) 0.420

LH 0.37 ( 0.27–0.44 ) 0.36 ( 0.28–0.41 ) *0.019

  0.40 ( 0.35–0.47 ) 0.35 ( 0.26–0.42 )  

Abbreviations: VMO, vastus medialis obliqus; VL, vastus lateralis; MH, medial hamstring; LH, lateral
hamstring, EMG, elecromyography

Normalized muscular activity of both PFPS and control groups are shown in

Table 3. PFPS group showed signi�cantly lower activation of VMO (P = 0.002), VL (P = 0.045), and LH (P 
= 0.019) compared to controls. Subjects with PFPS had lower amplitude of these muscles during stair
descent.

The results revealed that patients with PFPS have a diminished activation of hamstrings muscles
compared to controls. There was a statistically signi�cant difference in LH activity between the PFPS and
control groups, but the differences were not statistically signi�cant for MH activity.

The results of Friedman test indicated that the pattern of muscle activation were different between the
groups. Sequence of muscle activation in control group was as follows: MH, VL, LH, VMO; whereas the
order of muscle activation in PFPS group was LH, MH, VL, VMO. Figure 1 showed the quadriceps and
hamstrings activation pattern in patients with PFPS and control group.

Discussion
The results of the present study showed medium to high reliability for the determination of VMO, VL
onset, high to very high for determination of MH, LH onset during stair ambulation. Moreover, the EMG
amplitude showed moderate to high reliability during stair descending.
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It is di�cult to have a comparison in reliability between this study and the previous ones, due to different
experimental design, EMG onset identi�cation, electrode placement and statistical analysis. We
performed the current study to determine the activation pattern of muscles around the knee in PFPS
subjects. Our results indicate that patients with PFPS have a different muscle activation pattern when
descending stairs compared to healthy subjects. Subjects with PFPS indicated an increased onset
latency for all the muscles assessed during stair descending task except for LH.

We observed a signi�cant difference in LH-MH OTD between the groups. The results revealed that
hamstring muscle activity pattern was different in patients with PFPS compared to control group.

Quadriceps activation pattern

previous studies have reported that during stair stepping, medial-lateral quadriceps imbalance is a
contributing factor to PFPS,(6, 9) (32)while others have demonstrated no signi�cant difference between
VMO-VL onset times.(5, 7, 8, 12) Tiggelen et al. used back rockers on the heels to investigate onset time
difference of medial and lateral heads of quadriceps muscle using EMG. They found VL activation
preceded VMO activation in PFP patients, so they reported that altered temporal characteristics in VMO-
VL activation might be a contributing factor for PFPS.(11)
Our �ndings are consistent with those of previous studies, which found no signi�cant difference between
VMO-VL onset activities. Weight bearing tasks challenge neuromuscular control by alteration in muscle
activation pattern to provide stabilization of the joint.(33) Also, Stair stepping rate maybe a source of
difference in the obtained results of the current study and those by Cowan et al.(9) and Boling et al.(34).
In previous studies stepping rate was synchronized with an external metronome at a rate of 96 steps per
minute, while in the current study the subjects performed stair negotiation with a self-selected pace.
Furthermore, physical activity level may cause controversial results as explained by Briani et al. Detected
differences in VMO-VL timing were similar to those patients with PFP who practiced moderate level of
physical activity in Briani study. They considered EMG onset during stair ascending in PFP patients who
had high to moderate level of physical activity. They found signi�cant difference between PFPS and pain
free women who practiced an intense physical activity. They found a correlation between physical activity
level and muscle activation onset.(32) Functional methodological approach that we use in this study
might explain the disparity of the results.

Patients with PFPS demonstrated a signi�cantly lower amplitude of VMO, VL compared to healthy
participants. Force modi�cation is a compensatory mechanism to reduce patellofemoral compressive
force during pain provoking activities. These results are in agreement with those of Santos et al. who
assessed the in�uence of open and close kinetic chain activities on the electrical activity of VMO, VL
longus and VL obliqus muscles. They reported signi�cantly lower values for VMO/VLL ratios in
individuals with PFPS.(35)

Hamstrings activation pattern
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Conclusion
The current study indicated that PFPS patients activated the lateral hamstring earlier than medial
hamstring; also, lower hamstrings activation observed in these patients during stair descending. As the
medial-lateral hamstring symmetric activation is an internal, external shank controller, this could interfere
with knee rotational stabilization, causing higher patellofemoral joint contact pressure.

We found that patients with PFPS executed stair descending by activating the lateral hamstring earlier
than medial hamstring. Our �nding concurred with previous research by Patil et al.(22) who reported
lateral-medial hamstring imbalance as a contributing factor that might cause abnormal knee external
rotation moments in patients with PFPS. Sheehan et al.(18) showed that external rotation of tibia would
increase the patellofemoral contact pressure in response to lateral translation of patellar tendon.
Moreover, in vitro studies have indicated that hamstring loading produced tibial external rotation and
posterior translation, which have led to increased pressure on lateral patellar cartilage.(17, 36–38)
According to Shultz et al.(23) medial-lateral hamstrings synchronous activity during an external
perturbation stabilize the knee joint against rotatory function of these muscles in contrast to unilateral
activation of them.

Secondary analysis demonstrated a substantially lower activation level of hamstring in patients with
PFPS compared to the control group. This result was similar to those reported by Liebensteiner et al. (24)
who concluded that reduced activation of hamstring during eccentric contraction might be a
compensatory strategy to limit the harmful loading of patellofemoral joint. Elias et al.(17) suggested
exercises that minimize the hamstrings activation, as the hamstrings contraction exacerbated the PFPS
due to lateral malalignment.
It was suggested that reduction in hamstring activity would be associated with pain inhibitory response
that in�uenced not only agonist muscles but also antagonist group. Dieter et al. reported higher BF but
lower ST activation level in PFPS patients compared to control group.(21) Difference of our study with
theirs might be due to different nature of the evaluated movements.
Limitations
Our study had some limitations. First, as neuromuscular control could be affected by sex hormones, we
only investigated female population in this study. Therefore, generalizing our results to entire population
with PFPS must be made with caution. Second, it is possible that abnormal tibial kinematics caused by
medial hamstring time delay, also, it is plausible that tibial external rotation caused medial-lateral
hamstrings imbalance as a compensatory strategy. Given that, we could not establish a cause and effect
relationship.
This is the �rst study to demonstrate hamstrings muscle imbalance in PFPS patients during a functional
task. This study established the use of a functional rehabilitation in weight bearing conditions focusing
on neuromuscular control of the knee especially hamstring muscles. Future studies should include men,
kinematic and kinetic assessments to identify whether altered hamstrings activation can affect abnormal
tibial torsion and to understand whether hamstrings onset time difference might affect spatiotemporal
measures of stair ambulation.
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Abbreviations
PFPS: Patellofemoral pain syndrome

VMO: Vastus medialis obliqus

VL: Vastus lateralis

EMG: Electromyography

ST: Semitendinosus

BF: Biceps femoris

LH: Lateral hamstring

MH: Medial hamstring

FIQ: Functional Index Questionnaire

BMI: Body Mass Index

LBP: low back pain

ASIS: Anterior superior iliac spine

OTD: Onset time difference

ICC: Intra-class correlation coe�cient

IQR: Inter quartile range
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Figure 1

Quadriceps and hamstring activation pattern in patients with PFPS and healthy subjects during stair
descending. Graphs indicate that the sequencing of muscle activation is different between groups. (The
muscle EMG activation was ranked based on onset latency.)


