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Abstract

Background
Anterior knee pain is a common overload-related musculoskeletal condition affecting nearly one in five individuals in both the general and athletic populations. Lumbopelvic manipulation is frequently used by manual therapists to reduce pain and improve function. Emerging evidence suggests that, when combined with other therapies, it may reduce pain in individuals with anterior knee pain. However, its specific contribution and role in routine care remain unclear. This study aims to evaluate the feasibility of a future full-scale trial comparing lumbopelvic manipulation with a sham technique, both combined with an exercise program.
Methods
This article describes a multicenter pilot randomized controlled trial. Participants with anterior knee pain will be randomized to usual care plus one lumbopelvic manipulation (HVLA thrust) or usual care plus sham manipulation. The intervention will last 4 weeks (weekly sessions), followed by a 6-week follow-up. Usual care will be delivered according to current clinical guidelines. The primary objective is to assess feasibility based on recruitment, retention, adherence, intervention fidelity and safety, blinding, and data completeness. Secondary outcomes include exploratory analyses of pain and function, accounting for participants’ expectations.
Discussion
This pilot study will determine whether a large-scale randomized controlled trial assessing the clinical effectiveness of lumbopelvic manipulation for anterior knee pain is feasible. Additionally, it will generate preliminary evidence regarding the potential added value of integrating this intervention with usual care strategies for managing anterior knee pain.
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Trial registration
Prospectively registered in OSF registries (https://doi.org/10.17605/OSF.IO/TD3V6) on 06/02/2026. 



Background
Anterior knee pain (AKP) is a broad term related to heterogeneous conditions, including patellofemoral pain (PFP), bursitis, patellar or quadriceps tendinopathy, fat pad impingement syndrome and, plicae syndrome (1). It is one of the most common musculoskeletal complaint affecting the knee, with an estimated prevalence of 22.7% in general population and 18.3% in athletic populations for PFP and patellar tendinopathy (PT), respectively (2,3). In overall, rehabilitation consists in multimodal program including education, exercise with progressively structured loading and adjunctive interventions, such as taping or lower extremity manual therapy (4–6). 
Lumbopelvic manipulation (LPM) is commonly used to reduce pain and improve disability in patients with spinal pain (7) but is also used in AKP. A proposed mechanism by which LPM may alleviate AKP involves its effects on the neurological system, including peripheral, spinal segmental, and supraspinal pathways (8). Nociceptive spinal excitability associated with AKP may be reduced following LPM, contributing to pain attenuation (9). Moreover, because AKP is known to induce quadriceps inhibition, LPM may facilitate motor output by enhancing quadriceps activation, which could further contribute to pain reduction (10,11). A recent systematic review reported a moderate-to-large effect size on pain when LPM was combined with other physical therapies in patients with PFP (12). However, the current evidence base is limited by several methodological gaps, including the absence of sham comparators with evaluated blinding, the lack of trials assessing the added value of lumbopelvic manipulation when combined with guideline-based exercise programs compared with sham interventions, and the limited investigation of treatment outcomes in relation to contextual factors. In addition, substantial heterogeneity in intervention protocols, control conditions, and methodological quality, together with a predominant focus on short-term pain rather than function or patient expectations, further restricts the external validity and clinical applicability of these findings (13). 
These limitations suggest that further research is needed to clarify the role of LPM in routine care for people with AKP. Evaluating the effects of LPM against a credible sham is therefore of particular interest. When combined with recommended usual care, this approach allows assessment of the added clinical value of LPM for patients with AKP. The effects of manual therapy on pain and treatment outcomes are thought to result from both specific and non-specific mechanisms, including tactile input, therapist–patient interaction, and contextual factors (14,15). Among these, patients’ expectations have been shown to directly influence treatment response. Positive expectations toward an intervention are associated with greater pain reduction and improved outcomes, whereas low or negative expectations may attenuate or even reverse the analgesic effects of manual therapy (16,17). Accounting for patients’ expectations may further clarify their contribution to treatment response and support more individualized application and prognostic decision-making (17). In addition, examining LPM effects over a longer time frame may help determine the optimal timing of its use and whether its benefits are sustained over time. 
Therefore, the present pilot trial primarily aims to evaluate the feasibility of conducting a full-scale randomized controlled study (RCT) investigating the effect of a LPM combined with individualized exercises in patients with AKP. The primary objectives are to assess the feasibility and acceptability of the study procedures, including recruitment and consent rates, retention, adherence to interventions and home exercises, data completeness, safety, intervention fidelity, satisfaction, and the credibility of participant blinding. Secondary objectives are to obtain preliminary estimates of changes in pain and function, while considering participants' expectations of LPM, in order to inform the design and sample size calculation of a subsequent definitive trial.

Methods
Study design
This parallel, multicenter, pilot randomized control trial is reported following SPIRIT statement (18,19). Results will be reported following the CONSORT extension for pilot trials (20). LPM will be reported using Consensus on Interventions Reporting Criteria List for Spinal Manipulative Therapy (CIRCLe SMT) (21). After providing informed consent, participants will be randomized into one of two groups: Usual Care plus LPM or Usual Care. Both groups will undergo a 4-week treatment period followed by a follow-up assessment 6 weeks after the final intervention. The first session will include a comprehensive assessment of the lumbar spine and knee, delivery of the allocated lumbopelvic intervention (active or sham manipulation), and initiation of an individualized rehabilitation program. Home exercises will be prescribed and participants will be encouraged to perform them between sessions. Details of the interventions and assessments are provided in the “Intervention” section. The initial visit will last approximately 45–60 minutes. Participants will then attend three weekly follow-up sessions (≈30 minutes each), during which the intervention will be delivered and the rehabilitation program adjusted as needed. A final follow-up assessment will be conducted either remotely or in person 6 weeks after the last session. The flow diagram of the trial is presented in Fig. 1.
This study was approved by the Hospital Ethics Committee of CHU Brugmann under registration number CE 2025/98 and prospectively registered in OSF Registries, where the full protocol, statistical code, de-identified dataset and all relevant study materials will be made available (https://doi.org/10.17605/OSF.IO/TD3V6).
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Figure1: SPIRIT flow diagram. *Abbreviations: VAS: Visual Analog Scale; LEFS: Low Extremity Functional Scale; LPM: Lumbopelvic Manipulation.

Participants
Voluntary participants will be recruited from February 2026 through outpatient consultations at Polyclinic Madeleine Lejour (Brussels, Belgium) and the Université Libre de Bruxelles campus in Belgium, using word-of-mouth, printed materials, and social media announcements, until the required sample size is achieved. Participants between 18 and 65 years of age, diagnosed with anterior knee pain for more than three months but restricted to PFP, PT or quadriceps tendinopathy (QT)), and demonstrating a good understanding of French will be eligible for inclusion in the study. PFP will be identified when participants report the following indicators: (a) retro- or peri-patellar pain during at least two activities involving loaded or unloaded knee flexion; and (b) after exclusion of other pathologies (4). PT or QT will be identified when participants report one or more of the following indicators: (a) localized tendon pain; (b) pain elicited on tendon palpation; (c) pain relief with warm-up; (d) pain exacerbation with tendon loading; and/or (e) pain worsening the day following activity in a dose-dependent manner (22). Exclusion criteria will be participants with a history of low back or lower limb surgery during the last 12 months; red flags suggesting a non-musculoskeletal condition; signs of lumbosacral nerve root compression; contraindications to spinal manipulation (e.g., osteoporosis); and pregnancy. Participants meeting the eligibility criteria will be informed about the study procedures and asked to provide written informed consent, then enrolled by the principal investigator (WS). They will be requested to refrain from participating in any rehabilitation program and manipulative therapy during the intervention period. Following completion of the intervention and prior to follow-up, participants may seek additional care, which will be documented at the follow-up assessment. No financial compensation will be provided to participants for their involvement in the study.

Intervention
Following individual randomization, each participant will undergo a comprehensive assessment that includes demographic data collection, medical history, and a physical examination. The physical examination will include assessment of lumbar spine and knee range of motion, palpation of the lumbopelvic region and knee (e.g., muscles, tendon, sacroiliac joint, sciatic or femoral nerves) to identify reproduction of AKP symptoms, lumbar postero-anterior mobilization testing to assess symptom provocation, and functional tasks to evaluate knee-related symptoms. Participants will then receive either LPM or sham manipulation according to their group allocation. Although a lumbar spine assessment will be conducted at baseline, the findings from this examination will not be used to determine the intervention delivered to participants. These data will be collected solely for exploratory secondary analyses aimed at better understanding potential lumbar contributions to clinical outcomes. Participants in both groups will receive Usual care, defined as an individualized exercise program prescribed according to knee assessment findings and current clinical guidelines (4–6). For participants with PFP, the program will emphasize strengthening exercises for the quadriceps and hip abductors, along with education and activity-related advice (4,6). For those with PT or QT, the intervention will focus on tendon-loading strategies, including isometric, heavy slow resistance, or eccentric exercises, along with education (5). Participants will be encouraged to perform their prescribed exercises at home on a daily basis between sessions and to record exercise frequency, dosage, and any adverse events related to the exercises or LPM in a diary log. To enhance participant retention, session appointments will be scheduled according to participants’ availability. In addition, a follow-up appointment reminder will be sent between the end of the 4-week intervention period and the 10-week follow-up, using the participant’s preferred method of contact. Between the end of the treatment period and the follow-up assessment, participants will be encouraged to continue performing their prescribed exercises and to report any adverse events, as well as any use of additional rehabilitation care or manipulative interventions.
Practitioners 
The LPM interventions will be delivered by two physiotherapists: one with 13 years of clinical experience, including 11 years specializing in manual therapy, and another with 4 years of clinical experience and specialization in manual therapy. Both LPM providers will remain blinded to the participants’ exercise programs and identification numbers. Clinical assessments and exercise program delivery will be conducted by two final-year physiotherapy students under the supervision of the principal investigator, who has 20 years of clinical experience, including 13 years in manual therapy (WS). They will remain blinded to group allocation, and participants will be instructed not to disclose details of the intervention received to preserve blinding.
LPM Intervention
The LPM technique was used in previous RCTs investigating its effect on PFP (11,23–27). The LPM technique will be applied on the ipsilateral sacroiliac joint to the painful knee, consistent with the approach used in 9 of 10 positive trials included in the systematic review by Lin et al.(12). In cases of bilateral conditions, participants will be asked to identify the more painful side and LPM will be delivered accordingly. As the objective of a potential subsequent full-scale RCT will be to assess the effectiveness of LPM, the technique will be applied using a prescriptive approach, irrespective of the presence or absence of sacroiliac joint or lumbopelvic dysfunction (11,23,24). Participants will be positioned supine on a manipulation table, with the therapist standing contralateral to the side targeting for manipulation (e.g., contralateral to the affected knee). The participant will cross his hands behind his neck, and the therapist will passively side-bend the trunk toward and rotate it away from the selected side using the cranial hand until the anterior superior iliac spine begins to lift. A pre-manipulation hold will be conducted to assess participant comfort and confirm consent to proceed with the intervention (28). If consent is given, the procedure will continue and a high velocity, low amplitude thrust will then be delivered by the therapist caudal hand in a posterior, inferior and lateral direction through the anterior superior iliac spine on the side of the involved knee (25) (Fig. 2). The LPM technique will be performed once per session. If the response is “No”, the intervention will be discontinued, and the participant will continue the session with usual care. Overall, if the participant expresses any sense of threat during the session—whether physical, emotional, cognitive, or environmental—the technique will not be performed, and the session will proceed with usual care (28).
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Figure 2: Lumbopelvic manipulation.
Sham LPM intervention
Participants in the "Usual care plus sham" group will receive sham LPM from the LPM providers, during which they will be positioned identically to the active intervention but maintained in this position for 5 seconds, with a light contact from  the therapist's caudal hand and without the application of a manipulative thrust (25–27), in order to match the overall duration of the LPM technique. Participant comfort and ongoing consent will be assessed during the intervention, following the same procedure based on the participant’s response and sense of threat.
Blinding
A manual contact placebo (or sham technique) is a procedure that credibly simulates a manual therapy technique to the participant (29). A blinding assessment questionnaire will be administered immediately after the LPM and prior to the exercise program, and distributed by the principal investigator (WS). To minimize the risk of unblinding, the questionnaire will be self-administered using standardized instructions, and the investigator will not be present during completion. Participants will indicate whether they believe they received the active manipulation (“yes/no”) and rate their certainty on a 0–10 numeric rating scale (0 = completely uncertain, 10 = absolutely certain) (30).

Outcome measures 
All study personnel involved in assessment, intervention delivery, and data collection will receive standardized training to ensure protocol adherence and methodological consistency. Detailed descriptions of the interventions delivered will be recorded on standardized session report forms completed by the clinicians administering either LPM or sham LPM.

Primary outcome
Primary outcomes will assess the feasibility, acceptability, and safety of the interventions. Acceptability will be evaluated through recruitment, consent, and retention rates, adherence to home exercises via participant diary (31), use of additional care between the end of the treatment period and follow-up, and data completeness. Intervention fidelity will be assessed using provider-completed questionnaires administered after each session during treatment period. The questionnaires will address adherence to the LPM protocol, including patient positioning and execution of the technique, as well as the delivery of exercises and patient education. All items will be recorded using dichotomous (“Yes”/“No”) responses (31). Participant satisfaction will be evaluated at follow-up across three domains: overall satisfaction, satisfaction with the exercise program and perceived added value of LPM. Participant satisfaction will be measured on a 0–10 numeric rating scale, where 0 indicates "not satisfied at all" and 10 indicates "extremely satisfied", reflecting the participant's overall satisfaction with the intervention process and perceived benefit. The credibility of blinding regarding the LPM technique will also be evaluated with the de-blinding questionnaire. Blinding credibility will be assessed using Bang's blinding index (BBI) for each group (32,33). The BBI quantifies deviations from random guessing regarding treatment allocation, calculated as: BBI = 2P - 1, where P is the proportion of correct guesses within each arm. Values range from -1 (complete opposite guessing) to +1 (complete unblinding), with 0 indicating successful blinding. Safety will be monitored by reporting adverse events (AEs). Participants will report any discomfort or incidents to the assessors or in their adherence log, and will be documented at each session in a separate file. AEs will be monitored throughout the 4-weeks intervention and 6-week follow-up. As no consensus exists in the definition of AEs, we will use the one provided by Cochrane as an "unfavorable or harmful outcome that occurs during, or after, the use of a drug or other intervention, but is not necessarily caused by it" (34). AEs will be classified according to the terminology proposed by Funabashi et al. (35), which distinguishes four categories: catastrophic, severe, moderate and mild. Catastrophic AEs are characterized by very high intensity (8–10 on an 11-point numeric rating scale), are life-threatening, and may result in death; they completely disrupt a patient’s activities, participation, and quality of life. Severe AEs present with high intensity (6–8 on the 11-point scale), are not life-threatening, but substantially interfere with activities, participation, and quality of life. Moderate AEs exhibit moderate intensity (3–6 on the 11-point scale) and cause some degree of interference with daily activities, participation, and overall quality of life. Mild AEs are defined by low intensity (1–3 on the 11-point scale) and do not affect basic activities, though they may produce a tolerable impact on participation and quality of life. Catastrophic or severe events will be reported to the principal investigator and, when required, to the ethics committee per Belgian regulations. Significant adverse events will be managed with appropriate care, and unblinding will be performed if necessary. Decisions regarding participant discontinuation will be made by the principal investigator. All AEs will be reviewed and summarized by group and severity in the final report.

Secondary outcome
Expectations
Participant's expectations of LPM effect on knee pain will be recorded at baseline using a 5-point Likert scale (Don't know/Strongly disagree/Disagree/Agree/Strongly agree) in response to the statement “I believe that the pushing on my pelvis will help decrease my knee pain” (36).
Pain
Pain intensity will be assessed using a 0–100 mm VAS at baseline, immediately before and after lumbopelvic manipulation, immediately before and after exercises of each treatment session, and at follow-up. In patients with knee osteoarthrosis, the VAS appears to be more reliable and to present a smaller measurement error than the NPRS. The VAS has shown an excellent test-retest reliability (ICC = 0.97) for measurement of acute and chronic pain (37,38). The standard error measurement (SEM) of VAS has been assessed at 0.03 while the minimum detectable change (MDC) at 0.08 (38).
Function
Functional status will be evaluated at baseline, at the end of the 4-week treatment period, and at the 6-week follow-up using the French version of the Lower extremity Functional Scale (LEFS) (39,40). The LEFS is a self-questionnaire assessing baseline function, progress, and outcomes in lower-extremity conditions. The scale comprises 20 items, each rated from 0 (Extreme difficulty) to 4 (No difficulty), for a total possible score of 80. A score change of 9 points is considered the minimum clinically important difference. The LEFS has demonstrated strong psychometric properties for AKP, including validity and reliability (41,42). Pooled estimates for SEM and MDC have been reported at 2.4 and 6, respectively (43).

Sample size
Sample size estimation is based on Lin et al. (12), who reported a pain reduction of 0.706 on an 11-points scale in patients with PFP following LPM. Given the broader AKP population in this study, a medium to large effect size between the two groups is expected. According to Whitehead et al. (44), assuming 90% power and a two-sided 5% significance level for a larger and definitive RCT, a corresponding pilot trial should include approximately 10–15 participants per arm for large (0.8) and medium (0.5) effect sizes, respectively. With an expected 20% dropout rate, 20 participants will be included.
Allocation
Simple randomization will be conducted at each site by JVC using a computer-generated 1:1 sequence (Research Randomizer, www.randomizer.org). Site-specific lists will be password-protected and accessible only to coordinator (JVC). After eligibility confirmation and baseline assessment, participants will be assigned the next sequence number. Group allocation will be revealed only to the treating therapist through an opaque sealed envelope to ensure allocation concealment. Participants and assessors will remain blinded, and all randomization events will be electronically logged. Figure 3 presents the timeline of treatments and outcome assessments.
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Figure 3: Schedule of enrolment, interventions, and assessments throughout the trial. *Abbreviations: LPM: Lumbo-pelvic manipulation; VAS: Visual Analog Scale; LEFS: Low Extremity Functional Scale.)
Feasibility
Feasibility will be considered achieved when all predefined feasibility indicators reach their respective thresholds. Recruitment will be deemed feasible with a minimum of four participants enrolled per month and a recruitment rate of at least 70%. Retention will be considered acceptable with rates of ≥85% at T4 and ≥80% at T5. Adherence will be acceptable when participants complete at least 60% of the scheduled home exercise sessions. Intervention fidelity will be deemed acceptable if at least 85% of items on the fidelity checklist are rated as “Yes.” Blinding will be considered credible when the BBI lies within the –0.20 to +0.20 interval. The intervention will be regarded as safe if no serious adverse events occur and moderate to mild events remain below 10% throughout the study. Data completeness will be acceptable when at least 90% of all expected data are reported. The follow-up duration will be adjusted if more than 50% of participants use additional care between the end of the treatment period and the follow-up assessment.

Trial monitoring and data management
Trial conduct and data management will be monitored weekly by the principal investigator to ensure adherence to the study protocol, intervention fidelity, and the completeness and accuracy of data collection and entry. All personal information and study data will be stored securely on a password-protected computer and will not be accessible to third parties. Access will be restricted to authorized members of the study team. Upon publication of the study results, de-identified data, the data dictionary, and statistical code will be made available on the Open Science Framework (OSF), subject to participants’ informed consent obtained at inclusion. In parallel, study data will be securely archived for ten years at Université Libre de Bruxelles (Brussels, Belgium) and subsequently destroyed in accordance with institutional policies.

Data collection and statistical analysis
Participant data for each session will be collected electronically using customized assessment and follow-up forms (https://doi.org/10.17605/OSF.IO/TD3V6). The data will be coded and entered into an Excel spreadsheet (Microsoft, Redmond, WA, USA) and subsequently transferred to RStudio (Posit Software, Boston, MA, USA) for analysis. The main statistician (WS) will conduct the analyses while remaining blinded to participants' group allocation. Participants characteristics will be reported using descriptive statistics. Feasibility outcomes (e.g., recruitment, retention, adherence, data completeness, safety, fidelity, blinding credibility) will be summarized as percentages with 95% confidence interval. 
Exploratory analyses of pain and function will use linear mixed-effects models with fixed factors for Group, Time (T1-T4), and Group×Time interaction, including Site as a stratification factor, and Expectation as a covariate. Site is included as a fixed factor to account for the stratified randomization and to control for potential center effects. Baseline Expectation is included as a prognostic covariate, given its potential influence on outcomes and on responses to manual therapy and sham interventions (45).  Adjusting for these variables is expected to enhance internal validity and improve the precision of the estimated treatment effects. Adjusted mean differences and standardized effect sizes and their 95% confidence interval with Hedges' correction will be reported to estimate the sample size required for a future full-scale RCT. No formal hypothesis testing or multiplicity adjustment will be performed.
Missing data will be handled under the mixed-model missing-at-random assumption. 
Data monitoring committee and steering committee
Given the pilot nature of the study, its limited scope, small sample size, short duration, and the minimal risks associated with the study procedures, no formal steering committee or independent data monitoring committee will be established, despite the multicenter design. No interim analyses or stopping rules will be planned. Overall study coordination, participant safety, and data integrity will be ensured by the principal investigator, in accordance with institutional and ethical requirements.

Discussion
This pilot trial aims to assess the feasibility of conducting a larger-scale RCT evaluating the added value of one standardized LPM when combined with a pragmatic, exercise program based on current APTA guidelines and reference literature for AKP (4–6). The study population was chosen to better represent real-world clinical practice, as previous RCTs have mainly included patients with PFP using heterogeneous inclusion criteria, while the diagnosis of PFP remains challenging and relies on a cluster of signs and symptoms established after excluding other possible conditions (4). Blinding and placebo effect are recognized sources of bias and potential limitations in RCTs involving manual therapy interventions (46). To isolate the effect of LPM, a sham intervention will be administered to the comparator group, using a participant-blinded design previously validated in RCTs for its simplicity, low cost, efficiency, and absence of adverse events (30). In addition, the potential influence of participant's expectations regarding LPM on clinical outcomes will be considered, as expectations have been shown to contribute to positive treatment responses and recovery (45,47). In addition, the study’s duration, including a 4-week period of LPM application and a 10-week follow-up, will allow assessment of both short- and mid-term effects of the techniques, as well as whether these effects are sustained, diminish over time, or indicate a potential need for booster sessions. Chronic musculoskeletal conditions such as AKP often present with fluctuating symptoms that may not fully resolve in the short term and show a high risk of chronicity, with nearly 50% of patients with PFP continuing to experience pain 5 to 8 years after symptom onset (4,6). The extended follow-up will also permit evaluation of functional recovery, including return to activity or sport, and long-term safety of the intervention, thereby providing a more comprehensive understanding of the clinical utility of LPM.
We hypothesize that the LPM intervention will result in superior clinical outcomes compared with exercise therapy alone, as previously demonstrated in RCTs (48). However, as a pilot study, the present trial primarily aims to estimate the variance in pain-related outcomes to inform the sample size calculation for a larger-scale RCT. A subsequent definitive trial would enable subgroup analyses to explore the differential effects of LPM across diverse populations, considering factors such as age, sex, activity level, and symptom chronicity. These analyses could help identify predictors of treatment success and non-response, supporting the development of personalized intervention strategies and ultimately enhancing both the clinical efficacy and cost-effectiveness of LPM in the management of AKP.

Ethics and dissemination
Informed consent will be obtained from all participants before enrollment, following a detailed explanation of the study and their rights as participants. Participants will be informed of the withdrawal process and assured anonymity throughout the study and during dissemination. Results from this study will be disseminated through scientific, professional and educational reports, publications and presentations. A summary of the overall study results will be made available to participants upon request. Dissemination will be expected within 12 months after completion of data analysis. No ancillary or post-trial care will be planned, as this pilot study involves no intervention associated with additional risk and is designed solely to assess feasibility and study procedures. Participants will continue to receive standard care throughout and after the study if necessary.

Participants involvement in the study
Participants were not involved in the design, conduct, or reporting of this pilot study. However, participants’ experience with the intervention will be evaluated through measures of satisfaction and perceived benefit, which will inform refinements to the design of a future full-scale trial.
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