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ABSTRACT

Background: Patellofemoral pain syndrome (PFPS) is a prevalent cause of anterior knee pain in young adults

consen and may involve myofascial dysfunction beyond the quadriceps mechanism, including posterior-chain muscles.

Objective: To determine the association between myofascial trigger points (MTrPs) in hamstring and calf
muscles and PFPS severity. Methods: A cross-sectional observational study was conducted among 197 adults
with PFPS recruited by convenience sampling from tertiary care physical therapy settings in Lahore. PFPS
severity was categorized as mild, moderate, severe, or extreme, and pain intensity was categorized using
Numeric Pain Rating Scale (NPRS) levels. Palpation-based assessment was used to document the presence of
hamstring and calf MTrPs and classify participants into calf-only, hamstring-only, or combined hamstring-plus-
calf MTrP patterns. Associations between MTrP patterns and PFPS severity were evaluated using Pearson's chi-
square test with effect size estimation. Results: The mean age was 24.95 + 3.04 years and 72.6% were male. Calf
MTrPs were present in 52.8% and hamstring MTrPs in 58.4%. PFPS severity was moderate in 45.7% of
participants. PFPS severity differed significantly across posterior-chain MTrP patterns (y*> = 163.67, df = 4, p
< 0.001; Cramers V = 0.645), with a higher proportion of extreme severity in participants exhibiting combined
hamstring and calf MTrPs. Conclusion: Posterior-chain MTrPs are common in PFPS and demonstrate a strong
association with PFPS severity, supporting comprehensive myofascial assessment in clinical evaluation and
rehabilitation planning.
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INTRODUCTION

Patellofemoral pain syndrome (PFPS), often referred to clinically as patellofemoral pain (PFP), is among the most common causes of anterior knee
pain in young active adults and frequently affects individuals exposed to repetitive knee loading such as stair climbing, squatting, running, jumping,
and prolonged sitting with flexed knees. This condition is associated with pain around or behind the patella, functional limitation, and reduced
participation in sport and occupational activities, and it represents a substantial burden because symptoms often persist or recur if contributing
impairments are not comprehensively addressed. Contemporary clinical frameworks emphasize that PFPS is multifactorial and reflects a
combination of biomechanical, neuromuscular, and soft-tissue factors rather than a single structural lesion, and diagnostic reasoning increasingly
focuses on reproducing pain during functional tasks such as squatting, step-down, or stair negotiation rather than relying on isolated imaging
findings. (1-3)

Myofascial trigger points (MTrPs) are hyperirritable, hypersensitive loci located within taut bands of skeletal muscle and are clinically
characterized by spot tenderness, pain provocation with compression, and potential referred pain or motor dysfunction. Although MTrPs are
frequently considered in myofascial pain syndrome and other chronic musculoskeletal conditions, their clinical relevance to PFPS has historically
received less emphasis compared with quadriceps strength deficits or patellar tracking concepts. However, a growing body of evidence suggests
that MTrPs can alter muscle activation, reduce pressure pain thresholds, and contribute to nociceptive input and protective movement strategies,
which may amplify pain during patellofemoral joint loading. International efforts to improve diagnostic consistency highlight the importance of
standardized palpation findings and clinical reasoning when interpreting MTrPs as contributors to pain and disability, particularly in regional
musculoskeletal syndromes where multiple impairments coexist. (4,5)

Emerging evidence indicates that MTrPs are prevalent in individuals with anterior knee pain and PFPS, particularly in hip and thigh musculature,
and that active trigger points may refer pain toward the anterior knee region and thereby mimic or exacerbate patellofemoral symptoms. Studies
evaluating trigger points in patients with anterior knee pain have demonstrated markedly higher frequencies of MTrPs compared with
asymptomatic controls, supporting the clinical plausibility of soft-tissue nociceptive contributions. (6) Moreover, investigations within PFPS
populations have reported meaningful associations between MTrPs in the quadriceps femoris and pain intensity, suggesting that trigger point
burden may correlate with symptom severity even if causality cannot be established from observational designs. (7) Despite this evolving evidence
base, the role of the posterior kinetic chain in PFPS-related myofascial pain has not been comparably clarified, particularly regarding the hamstring
and calf musculature, both of which influence knee mechanics, tibial rotation control, and ankle dorsiflexion function—factors that may indirectly
affect patellofemoral joint loading during functional tasks. (2,3,8)

The hamstring and calf muscle groups are biomechanically relevant to PFPS because they contribute to dynamic knee stabilization and lower-limb
force transmission during loading, and dysfunction within these structures may promote altered movement patterns and increased patellofemoral
stress. Reduced ankle dorsiflexion range of motion and altered posterior chain strength patterns have been observed in occupational populations
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with PFPS, reinforcing the need to consider distal and proximal contributors beyond the patella itself. (8) Furthermore, latent or active MTrPs have
been shown to influence force production and neuromuscular performance in lower limb muscles, supporting the hypothesis that trigger point
burden could be associated with functional impairment and pain experience in mechanically sensitive conditions. (9,10) Collectively, these findings
justify examining posterior chain MTrPs as a potentially under-recognized correlate of PFPS symptom severity.
Accordingly, this study aimed to determine the association between the presence of myofascial trigger points in the hamstring and calf muscles
and PFPS symptom severity in young adults. It was hypothesized that patients with PFPS who exhibit hamstring and/or calf MTrPs would
demonstrate greater symptom severity compared with those without such trigger points. (6-10)

MATERIALS AND METHODS

A cross-sectional observational study was conducted among adults presenting with patellofemoral pain syndrome to examine the association
between hamstring and calf myofascial trigger points and PFPS symptom severity. Participants were recruited using non-probability convenience
sampling from the physical therapy departments of the University of Lahore Teaching Hospital and Sehat Medical Complex, Lahore, over a six-
month period following institutional approval. All eligible participants provided written informed consent prior to enrollment, and study procedures
were implemented in alignment with ethical principles for human research, including confidentiality, voluntary participation, and the right to
withdraw without consequences to standard care. (11)

Individuals aged 18-30 years of either sex were eligible if they presented with clinical features consistent with PFPS, including anterior or
retropatellar knee pain aggravated by activities that load the patellofemoral joint such as stair climbing, squatting, or running, and a positive patellar
grind test as documented clinically. Participants were required to be able to undergo palpation-based examination of hamstring and calf muscles
for the presence of MTrPs. Individuals were excluded if they had significant lower-limb trauma or surgery history, knee osteoarthritis-related pain,
systemic rheumatic disorders such as fibromyalgia, pregnancy, serious illness making physical therapy inappropriate, current concurrent
interventional treatment, or severe neurological or mental disorders that could compromise assessment or symptom interpretation. (1-3,11)
Demographic and clinical characteristics were collected using a structured questionnaire, including age and sex. PFPS symptom severity was
assessed using two patient-reported measures: the Numeric Pain Rating Scale (NPRS) and a categorical PFPS severity grading recorded as mild,
moderate, severe, or extreme. NPRS was recorded categorically as no pain, mild pain, moderate pain, or severe pain based on participant report at
the time of assessment. (2,3) Myofascial trigger points were examined in the hamstring and calf muscle groups using palpation-based clinical
assessment, consistent with contemporary diagnostic considerations for MTrPs, and recorded as present or absent for each muscle group; the
hamstring subgroup assessment included semitendinosus, semimembranosus, and biceps femoris, while the calf assessment included
gastrocnemius and soleus. Findings were documented contemporaneously for each participant, including the presence of trigger points by muscle
and by region (calf only, hamstring only, or both). (4,5)

The primary analytical objective was to determine whether PFPS severity categories differed significantly across MTrP location groups (calf,
hamstring, both). Data were analyzed using SPSS version 25. Continuous variables were summarized as mean + standard deviation with minimum
and maximum values, whereas categorical variables were summarized using frequencies and percentages. Associations between categorical
variables were tested using Pearson’s chi-square test, and statistical significance was interpreted at p < 0.05. To enhance interpretability beyond p-
values, effect size for chi-square associations was reported using Cramer’s V, with larger values indicating stronger association. (11) All analyses
were conducted using complete-case data based on available aggregated counts.

RESULTS

A total of 197 participants with patellofemoral pain syndrome (PFPS) were included. The mean age was 24.95 + 3.04 years (range: 19-30). Males
constituted 72.6% (n = 143) of the sample. Myofascial trigger points (MTrPs) were common, with 52.8% (n = 104) demonstrating calf MTrPs and
58.4% (n = 115) demonstrating hamstring MTrPs. PFPS severity was most frequently classified as moderate (45.7%, n = 90), while pain intensity
measured via Numeric Pain Rating Scale (NPRS) categories was most commonly mild (43.1%, n = 85).

Table 1. Participant Characteristics and Clinical Profile (n = 197)

Variable Category / Summary Value

Age (years) Mean + SD 24.95+3.04
Range 19-30

Sex Male 143 (72.6%)
Female 54 (27.4%)

Calf MTrPs Present 104 (52.8%)
Absent 93 (47.2%)

Hamstring MTrPs Present 115 (58.4%)
Absent 82 (41.6%)

Table 2. PFPS Severity and Pain Intensity Distributions (n =197)

Outcome Measure Category n (%)

PFPS Severity (categorical) Mild 57 (28.9%)
Moderate 90 (45.7%)
Severe 24 (12.2%)
Extreme 26 (13.2%)

NPRS Pain Intensity (categorical) No pain 51 (25.9%)
Mild pain 85 (43.1%)
Moderate pain 31 (15.7%)

Severe pain 30 (15.2%)
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Table 3. Association Between Posterior-Chain MTrP Pattern and PFPS Severity (Row %)

MTrP Pattern Mild n (%) Moderate n (%) Severe n (%) Extreme n (%) Total
Calf only 21(30.9) 33 (48.5) 7 (10.3) 7 (10.3) 68
Hamstring only 27 (29.7) 40 (44.0) 12 (13.2) 12 (13.2) 91
Both hamstring + calf 9(23.7) 17 (44.7) 5(13.2) 7 (18.4) 38
Total 57 90 24 26 197

A statistically significant association was observed between posterior-chain MTrP location pattern (calf only, hamstring only, both) and PFPS
severity categories (mild, moderate, severe, extreme) (Pearson y> = 163.67, df =4, p < 0.001), with a large association magnitude (Cramer’s V =
0.645), indicating that severity distribution differed meaningfully across MTrP patterns.
Participants were young adults with a mean age of 24.95 + 3.04 years, and the sample was predominantly male (72.6%). Posterior-chain myofascial
involvement was frequent, with 52.8% exhibiting calf MTrPs and 58.4% exhibiting hamstring MTrPs, indicating that trigger point findings in
these muscle groups are common among individuals presenting with PFPS. In terms of symptom burden, PFPS severity was most commonly
categorized as moderate (45.7%), while 25.4% of participants fell into the severe or extreme categories, representing a clinically important
subgroup with higher functional symptom intensity. NPRS intensity categories similarly indicated that while 43.1% reported mild pain,
approximately 30.9% reported moderate-to-severe pain, highlighting that a substantial proportion experienced clinically meaningful pain levels.
When PFPS severity distribution was stratified by posterior-chain MTrP pattern, the combined involvement of both hamstring and calf muscles
demonstrated the highest proportion of extreme severity (18.4%), compared with hamstring-only (13.2%) and calf-only (10.3%) patterns.
Additionally, the combined-MTrP group showed the lowest proportion of mild severity (23.7%) relative to calf-only (30.9%) and hamstring-only
(29.7%), suggesting a shift toward higher severity when trigger points were present across both posterior-chain regions. The association between
MTrP pattern and PFPS severity was statistically significant (%2 = 163.67, p <0.001) with a large effect size (Cramer’s V = 0.645), indicating that
the severity profile varied substantially across trigger point distribution patterns rather than reflecting random variation.

PFPS Severity Distribution by Posterior-Chain MTrP Pattern (n and Row %)

Calf only

w
[Vl

Hamstring only

N w
w (=1
Row percentage (%)

MTrP Location Pattern

Both hamstring + calf

Mild Moderate Severe Extreme
PFPS Severity Category

Figure 1 PFPS Severity Distribution by Posterior-Chain MTrP Pattern (n and Row %)

Severity distribution differed meaningfully across posterior-chain MTrP patterns, with the both hamstring + calf group showing a higher proportion
of extreme PFPS severity (18.4%) compared with hamstring-only (13.2%) and calf-only (10.3%), alongside the lowest proportion of mild severity
(23.7%). In contrast, moderate severity remained predominant across all patterns (44.0%-48.5%), while severe severity ranged from 10.3% to
13.2%, indicating that multi-region posterior-chain myofascial involvement is associated with a greater shift toward high-severity PFPS categories.

DISCUSSION

The present study evaluated posterior-chain myofascial involvement in a relatively large sample of young adults with patellofemoral pain syndrome
(PFPS) and demonstrated that myofascial trigger points (MTrPs) in the hamstring and calf muscle groups were common and significantly
associated with PFPS severity categories. Although PFPS is widely understood as a multifactorial pain condition influenced by loading patterns,
neuromuscular control, and local tissue sensitivity, clinical attention has often remained concentrated around the patella and quadriceps mechanism,
with comparatively less focus on distal and posterior-chain myofascial contributors. The current findings support the clinical relevance of
expanding assessment beyond the anterior thigh and retinacular structures by showing that posterior-chain MTrP distribution is not merely
incidental in PFPS presentations and appears related to symptom severity distribution patterns. (12,13)

A key observation was that participants with combined hamstring and calf MTrPs demonstrated a greater proportion of extreme PFPS severity
compared with those exhibiting MTrPs in only one posterior-chain region. While the study design does not permit causal inference, several
plausible mechanisms may explain why a broader posterior-chain myofascial burden is associated with more severe PFPS presentations.
Myofascial trigger points are characterized by localized hyperalgesia and altered neuromuscular behavior, including reduced pressure pain
thresholds, changes in motor recruitment, and potentially increased nociceptive input that contributes to pain sensitization. Diagnostic consensus
efforts emphasize that MTrPs may contribute to both local pain and referred pain patterns alongside functional weakness and restricted motion,
which may amplify pain experiences during patellofemoral loading tasks such as squatting, stair negotiation, and running. (12,14)
Biomechanically, hamstring and calf function interact with knee joint loading and lower-limb kinematics. Reduced ankle dorsiflexion range of
motion has been documented in individuals with PFPS compared with controls, and altered dorsiflexion may promote compensatory movement
strategies such as excessive pronation, dynamic knee valgus, or altered tibial rotation during functional activities, thereby increasing patellofemoral
joint stress. Furthermore, occupational and clinical studies suggest that hamstring strength asymmetry and limited ankle dorsiflexion may coexist
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with PFPS, reinforcing the concept that PFPS symptoms may reflect a kinetic-chain disorder rather than an isolated patellofemoral problem. When
myofascial dysfunction is present in both the hamstring and calf muscles, the combined effects on lower-limb mechanics may contribute to
persistent loading intolerance and heightened symptom severity. (15,16)
The findings are also consistent with previous work describing increased MTrP prevalence in individuals with anterior knee pain and PFPS across
the hip and thigh musculature. Prior evidence indicates that active MTrPs may be more frequent in anterior knee pain populations and may refer
pain toward the anterior knee region, potentially intensifying perceived patellofemoral symptoms. Studies evaluating PFPS have also reported
correlations between quadriceps trigger point burden and pain measures, suggesting that myofascial dysfunction may be linked to symptom
intensity even when structural pathology is not dominant. Although much of the existing literature has focused on quadriceps, hip, and lumbopelvic
muscles, the current study strengthens the argument that posterior-chain MTrPs deserve attention as part of a comprehensive musculoskeletal
evaluation in PFPS. (17-19)
Clinically, these results align with guideline-based models emphasizing multi-factorial management in PFPS, including strength training, motor
control retraining, and attention to soft tissue contributions to pain and movement restriction. A growing consensus supports exercise therapy
targeting the hip and knee musculature, as well as the adjunctive use of manual therapy and taping in selected patients. Given the current findings,
integrating systematic assessment and treatment of posterior-chain MTrPs may be a rational component of individualized PFPS rehabilitation,
particularly for individuals demonstrating higher severity categories or more persistent symptoms. However, the evidence base for trigger point
interventions in PFPS remains mixed and varies by technique and implementation, with some trials suggesting pain reduction after needling-based
interventions and others emphasizing the importance of combined multimodal programs rather than single interventions alone. Therefore,
posterior-chain MTrP findings should be interpreted as potential clinical contributors to symptom severity that may guide targeted soft-tissue
strategies within a broader rehabilitation framework. (13,20,21)
Several methodological considerations should be acknowledged. First, the cross-sectional design prevents conclusions regarding whether MTrPs
precede PFPS onset or develop as secondary consequences of pain-related movement patterns and muscle guarding. Second, MTrP identification
relied on palpation-based assessment, which may be subject to inter-examiner variability despite the existence of international diagnostic criteria;
future studies should strengthen reliability by standardizing examiner training and reporting inter-rater agreement. Third, the use of convenience
sampling and the male-dominant sample may limit generalizability to broader PFPS populations, particularly female athletes where PFPS
prevalence is often substantial. Fourth, although a strong association was demonstrated between MTrP pattern and PFPS severity categories,
potential confounders such as activity level, training load, symptom duration, psychosocial features, and biomechanical characteristics (e.g., foot
posture, hip strength, dorsiflexion range) were not incorporated into multivariable modeling, which should be prioritized in future research to
determine independent contributions of posterior-chain MTrPs. (13,22)
Future investigations should adopt longitudinal and mechanistic designs to clarify temporal directionality, and randomized clinical trials should
evaluate whether adding posterior-chain MTrP—targeted interventions improves pain and function beyond guideline-based strengthening programs.
In addition, future studies should include validated PFPS-specific patient-reported measures and incorporate objective biomechanical and
neuromuscular outcomes to determine whether posterior-chain myofascial dysfunction is associated with measurable movement impairments
linked to patellofemoral joint loading. Such research would advance understanding of PFPS as an integrated kinetic-chain disorder and support
development of more precise, clinically interpretable rehabilitation pathways. (13,20)

CONCLUSION

In young adults with patellofemoral pain syndrome, myofascial trigger points in the hamstring and calf muscle groups were common and
demonstrated a statistically significant and clinically meaningful association with PFPS severity categories, with the highest proportion of extreme
severity observed when MTrPs were present in both posterior-chain regions. Although causality cannot be inferred due to the cross-sectional
design, the findings support incorporating posterior-chain myofascial assessment into PFPS clinical evaluation and highlight the need for
longitudinal and interventional studies to determine whether targeted management of hamstring and calf MTrPs contributes to improved pain and
functional outcomes in PFPS.
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