
Comparative Effects of Schroth and PRI Exercises on Neuromuscular Activation, Spinal Alignment, and Trunk Outcomes in Adolescents with Idiopathic Scoliosis: A Randomized Controlled Trial Protocol 
SPIRIT 2025 checklist of items to address in a randomized trial protocol*
	Section / Topic
	No
	SPIRIT 2025 checklist item description
	Reported on page no.

	Administrative information
	

	Title and structured summary
	1a
	Title stating the trial design, population, and interventions, with identification as a protocol
	Page 1, lines 1–3

	
	1b
	Structured summary of trial design and methods, including items from the World Health Organization Trial Registration Data Set
	Page 2, lines 38–65

	Protocol version
	2
	Version date and identifier
	Page 1, line 24

	Roles and responsibilities

	3a
	Names, affiliations, and roles of protocol contributors
	Page 1, lines 6–13 (authors and affiliations); Page 12, lines 462–465 (authors’ contributions)

	
	3b
	Name and contact information for the trial sponsor
	Page 12, lines 453–454 (University of Guilan – trial sponsor); Page 1, lines 11–15 (contact details of PI/sponsor representative)

	
	3c
	Role of trial sponsor and funders in design, conduct, analysis, and reporting of trial; including any authority over these activities
	Page 12, lines 454–455 (funder had no role in design, conduct, analysis, or reporting)

	
	3d
	Composition, roles, and responsibilities of the coordinating site, steering committee, endpoint adjudication committee, data management team, and other individuals or groups overseeing the trial, if applicable
	N/A – single-center investigator-led trial (trial conducted at one site by the research team); no separate coordinating center or independent oversight committees (Page 4, lines 145–149)

	Open science
	

	Trial registration
	4
	Name of trial registry, identifying number (with URL), and date of registration. If not yet registered, name of intended registry
	Page 1, lines 22–23

	Protocol and statistical analysis plan
	5
	Where the trial protocol and statistical analysis plan can be accessed
	Page 9, lines 342–354 (published protocol and any updates will be publicly accessible)

	Data sharing
	6
	Where and how the individual de-identified participant data (including data dictionary), statistical code, and any other materials will be accessible
	Page 9, lines 342–354 (de-identified outcome data and analysis code to be shared via repository with controlled access for participant data)

	Funding and conflicts of interest
	7a
	Sources of funding and other support (e.g., supply of drugs) 
	Page 12, lines 453–455 (internally funded by University of Guilan; no external funding)

	
	7b
	Financial and other conflicts of interest for principal investigators and steering committee members
	Page 12, lines 451 (authors declare no competing interests)

	Dissemination policy

	8
	Plans to communicate trial results to participants, healthcare professionals, the public, and other relevant groups (e.g., reporting in trial registry, plain language summary, publication)
	Page 12, lines 444–449 (results will be published in journals, presented at conferences; summary results posted on registry and provided to participants in plain language)

	Introduction
	

	Background and rationale
	9a
	Scientific background and rationale, including summary of relevant studies (published and unpublished) examining benefits and harms for each intervention
	Page 3, lines 77–120

	
	9b
	Explanation for choice of comparator
	Page 3, lines 113–120 (active control chosen to provide baseline for comparing intervention effects)

	Objectives
	10
	Specific objectives related to benefits and harms
	Page 4, lines 131–139 (primary and secondary objectives stated for efficacy outcomes; trial will also monitor safety/adverse events)

	Methods: Patient and public involvement, trial design
	

	Patient and public involvement
	11
	Details of, or plans for, patient or public involvement in the design, conduct, and reporting of the trial
	Page 9, lines 356–361 (no patient/public involvement in design due to resource constraints; acknowledged as a limitation)

	Trial design
	12
	Description of trial design including type of trial (e.g., parallel group, crossover), allocation ratio, and framework (e.g., superiority, equivalence, non-inferiority, exploratory)
	Page 4, lines 124–129 (single-center, three-arm parallel-group RCT with 1:1:1 allocation; superiority framework with 24-week follow-up)

	Methods: Participants, interventions, and outcomes
	

	Trial setting
	13
	Settings (e.g., community, hospital) and locations (e.g., countries, sites) where the trial will be conducted 
	Page 4, lines 145–149 (single study site at University of Guilan, Rasht, Iran – equipped facility for all assessments)

	Eligibility criteria
	14a
	Eligibility criteria for participants 
	Page 4, lines 151–159 (inclusion criteria: adolescents 15–18 with idiopathic scoliosis 10–25° Cobb, Risser ≥3, able to attend 12-week program, etc.)

	
	14b
	If applicable, eligibility criteria for sites and for individuals who will deliver the interventions (e.g., surgeons, physiotherapists)
	Page 6, lines 197–203 (interventions delivered by two therapists with ≥2 years scoliosis-specific exercise experience, after protocol-specific training; supervised by senior faculty)

	Intervention and comparator
	15a
	Intervention and comparator with sufficient details to allow replication including how, when, and by whom they will be administered. If relevant, where additional materials describing the intervention and comparator (e.g., intervention manual) can be accessed
	Page 5, lines 181–184 (Schroth exercise: 60 min/session, 3×/week for 12 weeks, in-person supervised); Page 6, lines 185–188 (PRI exercise: matched frequency/duration focusing on postural/breathing); Page 6, lines 189–196 (active control: no structured exercise, continue usual activities, brief educational handout only); Page 6, lines 197–203 (fidelity ensured by trained therapists following arm-specific manuals provided as additional files)

	
	15b
	Criteria for discontinuing or modifying allocated intervention/comparator for a trial participant (e.g., drug dose change in response to harms, participant request, or improving/worsening disease) 
	Page 9, lines 328–340 (during supervised sessions, any concerning symptoms or adverse events lead to intervention modification or pause and referral; intervention discontinued if serious adverse event or intolerable symptoms occur)

	
	15c
	Strategies to improve adherence to intervention/comparator protocols, if applicable, and any procedures for monitoring adherence (e.g., drug tablet return, sessions attended)
	Page 6, lines 197–198 (use of standard checklists and attendance logs to monitor fidelity and adherence in all groups); Page 6, lines 204–208 (≥80% session attendance defined as adherent; home exercise logs reviewed at visits to encourage and track adherence)

	
	15d
	Concomitant care that is permitted or prohibited during the trial
	Page 6, lines 209–214 (participants instructed to avoid initiating any new scoliosis-specific treatments, such as bracing or other exercise programs, during the 24-week trial; routine activities and non-scoliosis treatments are allowed and documented)

	Outcomes
	16
	Primary and secondary outcomes, including the specific measurement variable (e.g., systolic blood pressure), analysis metric (e.g., change from baseline, final value, time to event), method of aggregation (e.g., median, proportion), and time point for each outcome 
	Page 6, lines 218–222 (primary outcome: change in photogrammetric Cobb angle from baseline to 12 weeks, measured in degrees); Page 6, lines 223–231 (secondary outcomes: sEMG-based neuromuscular symmetry index, angle of trunk rotation in degrees, trunk ROM in degrees, SRS-22r quality-of-life score – all measured at baseline, 12 weeks, and 24 weeks)

	Harms
	17
	How harms are defined and will be assessed (e.g., systematically, non-systematically)
	Page 9, lines 328–340 (adverse event (AE) defined as any unfavorable sign/symptom during trial; serious AEs defined per standard criteria; AEs actively solicited at each session/visit using standardized form, with severity and relationship to intervention evaluated; SAEs reported to ethics committee within 72h)

	Participant timeline
	18
	Time schedule of enrollment, interventions (including any run-ins and washouts), assessments, and visits for participants. A schematic diagram is highly recommended (see Figure)
	Page 9, lines 371–372 (baseline (T0), post-intervention at 12 weeks (T1), and follow-up at 24 weeks (T2) for all assessments; see Figure 1 for detailed schedule of enrollment, interventions, and assessments)

	Sample size
	19
	How sample size was determined, including all assumptions supporting the sample size calculation
	Page 8, lines 281–290 (sample size calculated for primary outcome: assuming effect size f≈0.28, α=0.025 (Bonferroni adjusted), 80% power requires ~81 participants; inflated to N=90 (30 per group) to account for ~10% attrition; computed with G*Power)

	Recruitment
	20
	Strategies for achieving adequate participant enrollment to reach target sample size
	Page 4, lines 140–161 (recruitment via school-based scoliosis screening programs and referrals from orthopedic/physiotherapy clinics to identify eligible adolescents)

	Methods: Assignment of interventions 
	

	Randomization:
	 
	 
	

	 Sequence generation
 
	21a
	Who will generate the random allocation sequence and the method used 
	Page 7, lines 244–253 (allocation sequence generated by an independent statistician using computer-generated randomization prior to trial start)

	
	21b
	Type of randomization (simple or restricted) and details of any factors for stratification. To reduce predictability of a random sequence, other details of any planned restriction (e.g., blocking) should be provided in a separate document that is unavailable to those who enroll participants or assign interventions
	Page 7, lines 240–244 (restricted randomization: stratified by sex and Cobb angle category into 6 strata; within strata, variable block sizes of 6 and 9 used to ensure allocation concealment)

	  Allocation concealment 
 mechanism
	22
	Mechanism used to implement the random allocation sequence (e.g., central computer/telephone; sequentially numbered, opaque, sealed containers), describing any steps to conceal the sequence until interventions are assigned
	Page 7, lines 248–253 (allocation sequence concealed in sequentially numbered, opaque sealed envelopes by stratum; envelopes prepared by independent statistician, stored securely, and opened only after consent and baseline assessments are completed)

	 Implementation

	23
	Whether the personnel who will enroll and those who will assign participants to the interventions will have access to the random allocation sequence
	Page 7, lines 256–258 (an independent research coordinator enrolls participants and opens the envelope to assign group after baseline; recruiting personnel and outcome assessors do not have access to the allocation list until after trial completion)

	Blinding 

	24a
	Who will be blinded after assignment to interventions (e.g., participants, care providers, outcome assessors, data analysts)
	Page 7, lines 262–267 (assessor- and data-analyst–blinded trial: outcome assessors and statistician remain blinded; participants, intervention therapists, and the randomization coordinator are not blinded)

	
	24b
	If blinded, how blinding will be achieved and description of the similarity of interventions
	Page 7, lines 268–271 (blinding maintained by keeping assessors separate from intervention delivery and materials; participants instructed not to reveal group to assessors; interventions are exercise-based, so blinding of participants/therapists not feasible)

	
	24c
	If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s allocated intervention during the trial
	Page 7, lines 272–275 (any accidental unblinding of an outcome assessor will be documented; a different blinded assessor will take over subsequent assessments for that participant whenever feasible; no routine unblinding is planned otherwise)

	Methods: Data collection, management, and analysis
	

	Data collection methods
	25a
	Plans for assessment and collection of trial data, including any related processes to promote data quality (e.g., duplicate measurements, training of assessors) and a description of trial instruments (e.g., questionnaires, laboratory tests) along with their reliability and validity, if known. Reference to where data collection forms can be accessed, if not in the protocol
	Page 6, lines 218–231 (outcomes measured using validated instruments: photogrammetry protocol for Cobb angle, sEMG for muscle activity, scoliometer for trunk rotation, goniometer for ROM, validated Persian SRS-22r questionnaire); Page 7, lines 235–239 (assessments conducted by trained, blinded assessors using standardized protocols to ensure data quality and consistency)

	
	25b
	Plans to promote participant retention and complete follow-up, including list of any outcome data to be collected for participants who discontinue or deviate from intervention protocols
	Page 9, lines 335–340 (participants who discontinue the intervention due to adverse events or other reasons will be encouraged to complete all follow-up assessments for intention-to-treat analysis; all available outcome data will be collected even if the intervention is stopped)

	Data management
	26
	Plans for data entry, coding, security, and storage, including any related processes to promote data quality (e.g., double data entry; range checks for data values). Reference to where details of data management procedures can be accessed, if not in the protocol
	Page 11, lines 429–442 (all data coded with unique IDs and entered in a secure, password-protected electronic database with access controls and audit trails; personal identifiers stored separately; standardized electronic case report forms with logic checks used to minimize errors; regular backups; paper consent forms stored in locked cabinets; records retained for 10 years then destroyed per policy)

	Statistical methods
	27a
	Statistical methods used to compare groups for primary and secondary outcomes, including harms 
	Page 8, lines 291–297 (primary and secondary outcomes will be analyzed using linear mixed-effects models including group, time, and group×time interaction; between-group differences in change from baseline computed for each intervention vs control with 95% CIs; harms data will be summarized descriptively alongside outcomes)

	
	27b
	Definition of who will be included in each analysis (e.g., all randomized participants), and in which group
	Page 8, lines 292–297 (all randomized participants analyzed in their assigned groups per ITT for primary analysis); Page 8, lines 307–310 (a pre-specified per-protocol analysis will include only participants with ≥80% adherence and no major protocol violations)

	
	27c
	How missing data will be handled in the analysis
	Page 8, lines 303–306 (missing data addressed via mixed-model analysis under missing-at-random assumption; additionally, multiple imputation will be performed as a sensitivity analysis and results pooled using Rubin’s rules)

	
	27d
	Methods for any additional analyses (e.g., subgroup and sensitivity analyses)
	Page 8, lines 307–310 (sensitivity analyses include per-protocol analysis for adherent participants; no interim analyses or other subgroup analyses are planned beyond the pre-specified comparisons)

	Methods: Monitoring
	

	Data monitoring committee
	28a
	Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of whether it is independent from the sponsor and funder; conflicts of interest and reference to where further details about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not needed
	Page 8, lines 322–327 (no independent DMC/DSMB established given the low-risk, short-duration, single-center trial; safety monitoring will be handled internally by the principal investigator)

	
	28b
	Explanation of any interim analyses and stopping guidelines, including who will have access to these interim results and make the final decision to terminate the trial
	Page 8, lines 309–310 (no interim efficacy or futility analysis is planned; no formal stopping rules specified due to short trial duration and low risk)

	Trial monitoring
	29
	Frequency and procedures for monitoring trial conduct. If there is no monitoring, give explanation
	Page 8, lines 322–327 (trial conduct will not be monitored by an independent board due to low risk; the principal investigator will oversee trial conduct and safety on an ongoing internal basis)

	Ethics
	

	Research ethics approval
	30
	Plans for seeking research ethics committee/institutional review board approval
	Page 11, lines 398–401 (ethical approval obtained from Guilan University Biomedical Research Ethics Committee, Approval No. IR.GUILAN.REC.1404.138 on 03 Nov 2025; trial will adhere to Declaration of Helsinki and national regulations)

	Protocol amendments
	31
	Plans for communicating important protocol modifications to relevant parties 
	Page 11, lines 420–428 (any substantial protocol amendments will be documented with a new version date/number and rationale; amendments will be submitted to the ethics committee for approval and updated in the IRCT registry; an amendment log will be maintained by the PI)

	Consent or assent
	32a
	Who will obtain informed consent or assent from potential trial participants or authorized proxies, and how 
	Page 11, lines 401–411 (written informed consent from a parent/guardian and assent from the adolescent participant will be obtained by a trained research team member not involved in assessments; participants are given time to ask questions and can withdraw at any time)

	
	32b
	Additional consent provisions for collection and use of participant data and biological specimens in ancillary studies, if applicable
	N/A – no biological specimens will be collected or used in this trial (all data pertain to clinical measurements and questionnaires)

	Confidentiality
	33
	How personal information about potential and enrolled participants will be collected, shared, and maintained in order to protect confidentiality before, during, and after the trial
	Page 11, lines 429–436 (participants assigned unique study IDs; personal identifiers for screening and scheduling stored separately from coded study data; electronic database is password-protected with access controls); Page 11, lines 436–442 (photographic data coded and stored on secure servers without faces; records kept for 10 years then destroyed; any breaches will be documented, ethics notified, and participants informed)

	Ancillary and post-trial care
	34
	Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial participation
	Page 12, lines 471–478 (during trial, participants have access to ancillary clinical support for any new symptoms or injuries; any intervention-related adverse events are managed and referred appropriately); Page 12, lines 481–491 (no special compensation or insurance for trial-related injury; medical care costs due to adverse outcomes follow standard care and are the responsibility of participants/their insurers; superior intervention offered to control group after trial if effective, free of charge for up to 12 weeks)



*We strongly recommend reading this checklist in conjunction with the SPIRIT 2025 Explanation and Elaboration and the SPIRIT 2025 Expanded Checklist for important clarifications on all the items. We also recommend reading relevant SPIRIT extensions. See www.consort-spirit.org
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