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Abstract
[bookmark: _Hlk80699983]The aim of this scoping review was to investigate ultrasound imaging (USI) acquisition procedures and guidelines used to assess the first metatarsophalangeal joint (MTPJ). MEDLINE, CINAHL, AMED and SPORTDiscus were systematically searched in May 2021. Studies were included if they used grey scale USI or power Doppler and reported an USI procedure to assess the first MTPJ. Screening and data extraction were performed by two independent assessors. The scoping review was reported in accordance with the PRISMA (ScR) extension for scoping reviews. A total of 403 citations were identified for screening, with 36 articles included in the final analysis. There was wide variation in USI acquisition procedures used to evaluate the first MTPJ. Inconsistencies in reporting may be attributable to the number of elements the USI acquisition procedure encompasses, which include the model of the USI device, the type of transducer, USI modalities and settings, patient position, transducer orientation, surfaces scanned, and the scanning technique used. The review found inconsistencies against international guidelines and limited implementation of consensus-based recommendations to guide image acquisition. Current guidelines require further refinement of anatomical reference points to establish a standardised USI acquisition procedure; subsequently improving interpretability and reproducibility between USI studies that evaluate the first MTPJ.
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Introduction
[bookmark: _Hlk74906016][bookmark: _Hlk74906004]Foot pain is one of the most common presenting complaints in adults (Hart and Spector 1993, Dufour, et al. 2009, Grant, et al. 2009, Roddy, et al. 2011, Jordan 2015), with a prevalence estimated between 13% and 36% across several international population-based cohorts (Gates, et al. 2019). Foot pain adversely affects physical function and quality of life, and places a significant burden on both individuals and healthcare systems (Peat, et al. 2006, Mickle, et al. 2011). Within the foot, the prevalence of degenerative disease in the first metatarsophalangeal joint (MTPJ) is second to that of knee osteoarthritis (OA) (Benvenuti, et al. 1995, Dawson, et al. 2002). The first MTPJ is the most commonly affected joint in the foot in people with gout and OA (Rathod, et al. 2016, Stewart, et al. 2016), and epidemiological data suggest that its incidence is increasing (Mcqueen, et al. 2013, Liu, et al. 2015, Van Der Merwe, et al. 2018). People with gout and first MTPJ OA exhibit localised joint pain, structural and functional changes, and experience a significant negative impact on physical mobility and health-related quality of life (Bergin, et al. 2012, Rome, et al. 2012, Roddy, et al. 2015).

[bookmark: _Hlk74905808][bookmark: _Hlk74906404]Musculoskeletal ultrasound imaging (USI) has gained notable recognition in the assessment of rheumatic diseases such as gout, rheumatoid arthritis, and OA due to its ability to detect subclinical (absence of clinical symptoms) inflammatory joint pathology (Wakefield, et al. 2004, Wright, et al. 2007, Pineda, et al. 2011, Filippucci, et al. 2019), and reliably quantify both bone and soft-tissue abnormalities (Grassi, et al. 1999, Grassi, et al. 2000, Iagnocco, et al. 2005, Messina, et al. 2017, Sakellariou, et al. 2017). USI provides the ability for real-time, dynamic and multiplanar assessment of joint pathology, allowing the examiner a unique advantage of immediate and direct correlations between the clinical picture and sonographic findings (Smith and Finnoff 2009, Möller, et al. 2017). 

USI is a rapidly evolving field and has been increasingly incorporated into clinical practice as a valuable diagnostic and monitoring tool (Grassi and Cervini 1998, Karim, et al. 2001, Naredo, et al. 2010a). Developments in USI software and transducers have advanced the resolution to better identify structures, such as the first MTPJ, allowing more detailed assessment of pathology (Grassi and Cervini 1998, Grassi, et al. 1999, Smith and Finnoff 2009, Messina, et al. 2017, Möller, et al. 2017, Sakellariou, et al. 2017). High resolution USI with power Doppler capability has further enhanced the diagnostic capabilities of USI by allowing quantification of inflammatory joint activity (Wright, et al. 2007). However, there are numerous variables that need to be considered as part of the USI acquisition procedure, these include: the brand and model of the USI device (including transducer/s), USI modalities and settings, patient positioning, transducer orientation, surfaces scanned, and scanning technique. The number of components involved in image acquisition raise the need for evidence-based guidelines to outline a standardised USI acquisition procedure to evaluate the first MTPJ. A standardised procedure will increase reliability, validity and enable comparison amongst studies (Klauser, et al. 2012). 

The European League Against Rheumatism (EULAR) task force of world leading rheumatologists, experts in musculoskeletal USI, developed the first guidelines for the use of USI in rheumatology in 2001. The EULAR guidelines included vague instructions on body position, transducer orientation and surfaces of the first MTPJ to scan (Backhaus, et al. 2001). These guidelines set the technical standards for the use of USI. The widespread uptake of USI, technological advancements, and need for evidence-based imaging, necessitated an update of these guidelines. Consequently, in 2017 a new EULAR-endorsed task force revised the standardised procedures for USI in rheumatology (Möller, et al. 2017). The updated EULAR guidelines for performing USI of the first MTPJ address transducer orientation and position (starting point), surfaces scanned and scanning technique (Möller, et al. 2017). Despite this enhancement, the revised guidelines still lack sufficient detail outlining specific anatomical reference points to ensure a standardised USI acquisition procedure. Further refinement of anatomical landmarks to guide probe positioning is still required to improve interpretability and reproducibility between studies. Current guidelines have overlooked how the USI acquisition procedure may need to be adapted to accommodate severe structural changes often associated with rheumatic diseases.
[bookmark: _Hlk74905774][bookmark: _Hlk80699850][bookmark: _Hlk78120649][bookmark: _Hlk80699943]The successful reproducibility and validity of USI studies evaluating pathologies affecting the first MTPJ requires a standardised acquisition procedure that is comprehensively reported. Despite the well-recognised susceptibility and burden of first MTPJ pathologies, a published synthesis of an USI acquisition procedure has yet to be undertaken. The aims of this review were to analyse components of USI acquisition procedures used to assess the first MTPJ, determine if published guidelines were reported to inform procedures and ascertain if guidelines were adhered to.

Methods 
[bookmark: _Hlk74906846]The framework proposed by Arksey and O'Malley (2005) was used to guide the scoping review methodology. This method involves five stages: identifying the research question, identifying relevant studies, selecting studies, charting the data, and collating, summarising, and reporting the results (Arksey and O'Malley 2005). To ensure methodological quality and transparent reporting, this scoping review has been reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses  extension for scoping reviews (PRISMA-ScR) (see Supplementary file 1) (Tricco, et al. 2018). 



Search strategy
[bookmark: _Hlk58421280][bookmark: _Hlk74906645]The identification of articles for the scoping review was completed with a comprehensive search of titles and abstracts of key electronic databases (Table 1). The search was conducted between 14th April and 10th May 2021. The electronic databases MEDLINE, CINAHL, AMED and SPORTDiscus were systematically searched from their earliest record (1955) to 2021. Broad-ranging search terms were agreed on by two of the authors (PM and MC). All titles and abstracts identified from the search were downloaded into EndNote version X8 (Thomson Reuters, Philadelphia, PA USA). The articles were cross-referenced with duplicates removed. 

Selection criteria
[bookmark: _Hlk74906753][bookmark: _Hlk74906771]Original articles that included USI of the first MTPJ that detailed the acquisition procedure were included. In the first stage of selection, the titles and abstracts were independently screened by two of the authors (PM and AJ). The full texts of the selected articles were retrieved and assessed against the eligibility criteria. Articles were included if they: used grey scale USI or power Doppler to assess the first MTPJ; reported the USI procedure used to acquire images of the first MTPJ; and participants were over 18 years old. Articles were excluded if they were not published in English, opinion articles, commentary letters, review articles or non-human studies. Case reports and case series were also excluded due to potential issues with selection bias. Relevant articles were assessed according to the selection criteria with conflicts discussed between two authors (PM and AJ) until consensus was achieved. In cases of non-consensus, a third author’s opinion was planned for consultation (MC); however, this was not required. All articles that met the inclusion criteria had their reference lists hand searched for further potentially relevant articles. When the included articles referred to a previous paper for methodology or reliability, that article was accessed, and appraised for inclusion against the eligibility criteria.

Data extraction
The following information was extracted from all included articles: study characteristics, author’s name, year of publication, study design and aim(s). Participant characteristics including sample size, gender, mean age (years), mean BMI (kg.m-2), ethnicity, and pathology were also extracted (Supplementary file 2). Additionally, the following components of the USI acquisition procedure were extracted: anatomical region, patient position, USI mode and settings, transducer orientation, surfaces scanned, and the scanning technique (Supplementary file 3).

Results
Selection and characteristics of studies
[bookmark: _Hlk72826579]The study aims, participant characteristics and the pathology examined of all included studies are presented in Supplementary file 2. A total of 403 citations were identified for screening with 36 articles included for final analysis (Figure 1). All 36 studies used USI to evaluate the first MTPJ. The combined sample size from the included studies was 3,921 (2,736 male, 1,182 female). The mean age was 55.5 years and mean BMI was 28.5 kg/m2. Ethnicity of the study population was reported by four studies (Howard, et al. 2011, Stewart, et al. 2017a, Stewart, et al. 2017b, Tan, et al. 2020). Ethnicities that were reported included White American, African American, Hispanic, Asian, European, Māori, Pasifika and Chinese.



USI guidelines
This review found three USI acquisition guidelines were reported to assess the first MTPJ. In terms of application, ten studies (28%) reported their USI acquisition procedure was in accordance with the 2001 EULAR guidelines (Scire, et al. 2009, Delle Sedie, et al. 2011, Filippucci, et al. 2011, Iagnocco, et al. 2011, Pineda, et al. 2011, Scirè, et al. 2011, Roddy, et al. 2013, Elsaman, et al. 2016, Tan, et al. 2020, Zhang, et al. 2020). No studies applied the updated 2017 EULAR guidelines (Möller, et al. 2017). Zhang, et al. (2020) reported their scanning procedure was in accordance with the European Society of Musculoskeletal Radiology (ESSR) guidelines, although these guidelines do not include the first MTPJ (Martinoli 2010). 

USI acquisition procedure for evaluating the first MTPJ 
[bookmark: _Hlk58777389]Patient positioning 
[bookmark: _Hlk78192589]Descriptions of the various procedures that report evaluation of the first MTPJ include how the body and lower limb joints were positioned. The position the patient was placed in during the scanning procedure was reported by 17 (47%) studies. Details of body and joint position reported by each study are outlined in Supplementary file 3. Components of patient positioning included how the body was positioned (e.g. supine or prone) and how each lower limb joint was positioned (e.g. first MTPJ dorsiflexed, ankle neutral and/or knee extended) for the imaging procedure. Body positioning was reported by seven studies, all of which reported supine positioning (Delle Sedie, et al. 2011, Iagnocco, et al. 2011, Pineda, et al. 2011, Huppertz, et al. 2014, Hiraga, et al. 2015, Stewart, et al. 2017a, Stewart, et al. 2017b). When assessing the first MTPJ there was no standardisation across studies as to which lower limb joints were included as part of the USI acquisition procedure description. Of the studies that included the same joint in their procedure description, there was considerable variation as to how that joint was positioned (e.g. variation in knee flexion angle or extended). It was unclear from all included studies if body and/or joint position changed during the USI acquisition procedure depending on the surface of the first MTPJ scanned. Of the ten studies which reported their USI acquisition procedure was in accordance with the 2001 EULAR guidelines, only three studies positioning descriptions aligned with the 2001 guidelines (supine position for the dorsal scans and prone position for the plantar scans) (Delle Sedie, et al. 2011, Iagnocco, et al. 2011, Pineda, et al. 2011).

USI modalities and machine settings 
All included studies detailed the brand and model of the USI device, type and model of the transducer, and the USI modalities used. Details of USI mode and settings reported by each study are outlined in Supplementary file 3. The USI technique, grey scale mode (B-mode) was reported by all 36 studies. Doppler (colour, power, and pulse) were reported by 18 studies (Wiell, et al. 2007, Wright, et al. 2007, Scire, et al. 2009, Delle Sedie, et al. 2011, Iagnocco, et al. 2011, Keen, et al. 2011, Pineda, et al. 2011, Scirè, et al. 2011, Peiteado, et al. 2012, Le Boedec, et al. 2013, Naredo, et al. 2013, Roddy, et al. 2013, Reuss-Borst, et al. 2014, Das, et al. 2017, Machado, et al. 2017, Stewart, et al. 2017a, Stewart, et al. 2017b, Tan, et al. 2020). Most studies specified a linear array transducer with a multi-frequency ranging between 8-18 MHz. Nine studies reported a set transducer frequency between 10-18 MHz (Delle Sedie, et al. 2011, Filippucci, et al. 2011, Howard, et al. 2011, Iagnocco, et al. 2011, Roddy, et al. 2013, Yin, et al. 2014, Norkuviene, et al. 2017, Stewart, et al. 2017a, Stewart, et al. 2017b). A hockey stick probe with a multi-frequency of 7-15 MHz was employed by one study (Keen, et al. 2011). One study performed volumetric PD acquisitions using three-dimensional (3D) USI (Naredo, et al. 2013). USI settings that were reported included dynamic range, which ranged between 40-70 dB and grey scale gain, which ranged between 17 dB to 60 dB. Of the 18 studies that reported using power Doppler, the pulse repetition frequency ranged from 400-1000 Hz and Doppler frequency ranged between 5-10 MHz. Additional settings reported by several studies included a low to medium wall filter with the Doppler gain adjusted to a level just below the disappearance of the colour signs within the bony cortex.

Transducer orientation and surfaces scanned 
Details of the transducer orientation and surfaces scanned for the included studies are outlined in Supplementary file 3. Studies varied in terms of transducer orientation (e.g. transverse or longitudinal) and which surface(s) of the first MTPJ were scanned (e.g. dorsal, plantar, lateral or medial). Of the ten studies that reported their USI acquisition procedure was in accordance with the 2001 EULAR guidelines, only Elsaman, et al. (2016) description of transducer orientation and surfaces scanned clearly adhered to the guidelines. Naredo, et al. (2013) applied 3D volumetric USI technique, which allows examination in the longitudinal, transverse, and coronal plane by producing a 3D reconstruction of the anatomic area. The different descriptions of transducer orientation and surfaces scanned of the first MTPJ led to 12 different variations in reported procedures across studies. Le Boedec, et al. (2013) and Pineda, et al. (2011) described a multiplanar technique with no further clarification of what their scanning procedure entailed. Only one study did not delineate their specific scanning method (Reuss-Borst, et al. 2014). 

Scanning technique 
[bookmark: _Hlk72142202][bookmark: _Hlk72827855][bookmark: _Hlk72827392]Details of the scanning techniques used by included studies are outlined in Supplementary file 3. The scanning technique (static or dynamic) was not commonly reported. A dynamic procedure is when the transducer is moved along the anatomical region (first MTPJ); or the anatomical region is moved during the USI examination (Costantino, et al. 2021). Three studies reported their scanning procedure involved a dynamic technique in which the probe was manoeuvred to investigate the first MTPJ (Peiteado, et al. 2012, Reuss-Borst, et al. 2014, Stewart, et al. 2017a). Dynamic examination involving flexion-extension of the first MTPJ was reported by one study (Pineda, et al. 2011). Roddy, et al. (2013) and Terslev, et al. (2015) reported dynamic manoeuvres but failed to report if it was the transducer or the first MTPJ that was dynamic during the USI examination. In regards to 3D USI, the acquisition of the USI volume consists of an automatic sweeping scan movement of the piezoelectric crystals located inside the transducer, not a sweep of the transducer over the joint surface (Naredo, et al. 2013). Naredo, et al. (2013) reported the volumetric probe was placed over the central part of the joint and a volumetric sweeping on the longitudinal plane was performed.  

Discussion
[bookmark: _Hlk74907237]This review found a wide variation in USI acquisition procedures used to evaluate the first MTPJ. The variation between studies may be attributable to the number of elements the USI acquisition procedure encompasses. Technological developments coupled with the expansion of USI research has led to the development of consensus-based guidelines (Möller, et al. 2017). However, as it stands only two consensus-based guidelines exist to inform the USI acquisition procedure to assess the first MTPJ (Backhaus, et al. 2001, Möller, et al. 2017). As most studies in this review were published prior to publication of the revised EULAR guidelines (Möller, et al. 2017), no study included in this review had applied the updated EULAR guidelines.
[bookmark: _Hlk78876531]The reporting of rheumatic and musculoskeletal USI research has also been enhanced by the recent publication of the EULAR recommendation checklist (Costantino, et al. 2021). The checklist encompasses 23 items, four of which specifically relate to the USI acquisition procedure. The checklist was developed to ensure transparent and comprehensive reporting of USI research and procedures. It has been suggested that the global uptake of this checklist may considerably improve interpretability, reproducibility and generalisability of study results (Costantino, et al. 2021). Therefore, two mechanisms need to be considered by USI research, the acquisition guidelines and the reporting of USI studies. 

[bookmark: _GoBack]Numerous studies referred to adhering with the 2001 EULAR guidelines, despite their description of patient and joint positioning not aligning with the standardised procedure (supine position for the dorsal scans and prone position for the plantar scans) (Backhaus, et al. 2001). Of the 12 studies which stated they examined both the dorsal and plantar aspect of the first MTPJ, no study indicated they modified patient position based on the surfaces scanned.  The USI procedure description for assessing the first MTPJ often included how the body, knee, ankle, and foot were positioned in conjunction with the positioning of the first MTPJ. However, there was inconsistent reporting of which lower limb joints should be included as part of the USI acquisition procedure. Of the studies that included the same joint in their procedure description, there was wide variation as to how that joint was positioned. Previous USI researchers have confirmed the importance of a standardised joint position for the reliability and generalisability of the results (Koenig, et al. 2007, Hong, et al. 2010, Mandl, et al. 2012, Terslev, et al. 2012, Zayat, et al. 2012, Zappia, et al. 2016). Data from previous studies has demonstrated variations in joint position can influence USI outcomes, irrespective of the anatomical site under investigation (Koenig, et al. 2007, Hong, et al. 2010, Mandl, et al. 2012, Terslev, et al. 2012, Zayat, et al. 2012, Zappia, et al. 2016). The updated 2017 EULAR guidelines for performing USI of the first MTPJ address both joint and patient positioning (Möller, et al. 2017). To comply with the recently developed EULAR recommendation checklist for reporting USI (Costantino, et al. 2021), both patient position (item 9a) and the anatomical region position (item 9b) are recommended to be implemented in future studies. A further enhancement of the updated EULAR guidelines is the accompaniment of an electronic illustrated manual (i.e., app) which clearly depicts the USI technique and procedures. The downloadable EULAR USI scanning app (http://ultrasound.eular.org/#/home) contains images detailing foot positioning and transducer orientation (longitudinal and transverse) for examining the first MTPJ. No study included images demonstrating how they acquired the ultrasound image to support their protocol description. Given the number of studies that inadequately described or failed to report patient and/or joint position, supporting images would ensure correct interpretation and allow subsequent studies to correctly replicate their procedure. Consequently, the inclusion of images may have revealed similarities between studies or adherence with cited guidelines that were unclear based on the descriptions of patient position alone. 

The reporting of the USI device, type and model of the transducer, whether the software was changed during the study, and the USI mode and settings varied between studies. Technical characteristics of the imaging device such as USI modalities and settings used may affect the reliability and generalisability of the results (Koski, et al. 2006, Koski, et al. 2010, Ten Cate, et al. 2013). One study employed 3D USI, enabling automatic image acquisition. 3D USI has been shown to reduce the operator dependence in assessing synovitis and bone erosions compared with conventional 2D USI (Filippucci, et al. 2009, Naredo, et al. 2010b).  Costantino, et al. (2021) reported that the type of USI device may influence both power Doppler and grey scale USI results.  Advanced technology, such as 3D imaging, may illustrate more in-depth information of joint pathology. 

In keeping with the updated EULAR recommended procedures (Möller, et al. 2017), grey scale USI should be performed with high-resolution linear transducers with frequencies greater or equal to 15 MHz for superficial areas. Higher frequencies produce better resolution of superficial structures such as the first MTPJ (Taljanovic, et al. 2015). However, 21 of the included studies used a transducer with an operating frequency lower than 15 MHz. The machine setting for grey scale and Doppler mode (e.g. focal zone, frequency, gain, dynamic range, depth for B-mode; focal zone, colour box, frequency, gain, pulse repetition frequency and wall filter) were rarely reported by the included studies. Additionally, whether these settings were adjusted prior to and during the examination to optimise the USI acquisition procedure was uncertain. Optimal settings will depend on the individual machines; however, it is difficult to compare settings between studies due to the limited data reported. For the reporting of equipment items (15 and 16) of the EULAR checklist, future studies should detail the brand and model of the USI device, type and model of the transducer and whether the USI device was changed during the study (item 15). To comply with item 16, the USI modalities and settings should be reported. 

In reference to patient and joint position, the orientation and positioning of the transducer is open to interpretation without images to ensure clarification of location. The position of the transducer has previously been shown to influence the reliability and accuracy of USI results in knee inflammation (Hong, et al. 2010, Mandl, et al. 2012, Terslev, et al. 2012). Included studies that have used phrases like “multiplanar examination” or “examined circumferentially” leaves the reader open to interpretation as to whether all surfaces of the joint were examined and in what plane they were imaged. It is unclear if the number of procedure variations reported were a result of missing information from the procedure description, or if studies intended to only view a certain aspect of the first MTPJ.  Subsequently, it is possible that the reported descriptions were not a true reflection of what was conducted, and acquisition procedures might be more alike between studies than they appear. 

[bookmark: _Hlk77844227]Numerous studies referred to adhering with the 2001 EULAR guidelines, despite their description of transducer orientation and surfaces scanned not adhering with the standardised procedure (Backhaus, et al. 2001). Discrepancies from the guidelines included the absence of an imaging plane (e.g. transverse) or alteration in surfaces scanned such as including the medial aspect of the first MTPJ. Individual study interpretation of the lateral and medial aspect of the first MTPJ relative to the midline of the foot may explain the deviation from cited guidelines. This component of the original EULAR imaging procedure has since been amended to the medial aspect of the first MTPJ by the 2017 EULAR guidelines (Möller, et al. 2017). For that reason, it is unclear if medial and lateral can be used interchangeably when comparing acquisition procedures between studies.
[bookmark: _Hlk78808022]
[bookmark: _Hlk78200656][bookmark: _Hlk78200666][bookmark: _Hlk78200681][bookmark: _Hlk79575519]The updated EULAR guidelines for performing USI of the first MTPJ address transducer orientation and position (starting point), surfaces scanned and scanning technique (Möller, et al. 2017). The probe placement starting point includes a longitudinal and transverse examination of the dorsal and plantar aspects of the forefoot, parallel to the metatarsal bones. Despite this addition, the current guidelines lack sufficient detail required to ensure a standardised USI acquisition procedure. Given the general opinion that USI is heavily operator dependent for image acquisition further refinement and detail of anatomical reference points used to guide probe positioning is required. The scanning technique involves longitudinal and transverse sweeping. A sweeping scanning technique, involves slight movements of the probe from side-to-side, back-to-front or rotation to allow the best visualisation of the first MTPJ (Möller, et al. 2017). In addition, the medial aspect of the first MTPJ is also scanned (Möller, et al. 2017). However, it is difficult to make strong consensus-based recommendations, as the implementation of the revised technique lacks clear repeatable evidence to support this. It is problematic that one study reported to apply the 2010 ESSR guidelines, despite these guidelines not including a procedure to scan the first MTPJ (Martinoli 2010). To fulfil the EULAR checklist items for acquisition procedures (Costantino, et al. 2021), studies should detail the surfaces scanned (item 9c), transducer orientation/location (item 9d) and whether the examination was dynamic (item 9e).

This scoping review is not without limitations. All relevant articles were included in this scoping review, regardless of methodological quality. We restricted the search to articles published in English. Inclusion of data from non-English language articles may alter the outcomes. Assessing the reliability between USI acquisition procedures and between sonographers was not an objective of this review. However, extraction of reliability data may have provided more insight into the reliability of different USI acquisition procedures, given the inconsistencies reported. Particularly between sonographers who possess different academic backgrounds and levels of USI experience. 

Future studies should aim to accurately implement the updated EULAR guidelines. However, further refinement of anatomical reference points used to guide probe positioning is required to ensure a standardised USI acquisition procedure is used for evaluating the first MTPJ. Given the ambiguity in procedure descriptions, future research should adopt the EULAR recommendation checklist for reporting USI research of rheumatic and musculoskeletal diseases. A standardised procedure supplemented with a checklist for reporting the USI procedure of the first MTPJ will improve interpretability, reproducibility, and generalisability of study results. Current guidelines have overlooked how the USI acquisition procedure may need to be adapted to accommodate severe structural changes. The degree of joint deformity often associated with rheumatic diseases poses a challenge when acquiring an optimal image. Consequently, future research should aim to provide guidance on how to image the first MTPJ that has significant deformity. Finally, there is also great value in developing guidelines that investigate volumetric probes to enable 3D reconstruction of the anatomical area and automatic image acquisition, as this will reduce operator dependence in examining the first MTPJ.


Conclusion
[bookmark: _Hlk74907353][bookmark: _Hlk80700174][bookmark: _Hlk74907377][bookmark: _Hlk74907406]The review found inconsistency in the application of the EULAR guidelines and limited implementation of consensus-based recommendations to guide image acquisition of the first MTPJ. There was wide variation in what items were reported as part of the USI acquisition procedure to evaluate the first MTPJ. Additionally, there were discrepancies between the level of detail reported for each item the imaging procedure encompasses. The key inconsistencies identified were between patient position, USI mode and settings, transducer orientation, and surfaces scanned. The review emphasises the need for further refinement to ensure a standardised USI acquisition procedure is used to evaluate the first MTPJ. A standardised procedure supplemented with a checklist for reporting the components the USI acquisition procedure encompasses will improve interpretability and reproducibility between studies. 
[bookmark: _Hlk80701285]
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Figure Caption List
Figure 1: PRISMA flow diagram

Table
Table 1: Search strategy 
	[bookmark: _Hlk69215711]MEDLINE, CINAHL, Cochrane and SPORTDiscus

	1
	Subject term
	Ultrasonography

	2
	Keywords
	[bookmark: _Hlk69392020]Ultrasonograph* or Sonograph* or Ultrasound or US or MSUS or Doppler or Power Doppler or PDUS or Colour Doppler or Elastograph*

	3
	Subject term	
	‘Metatarsophalangeal joint’

	4
	Keywords
	‘Metatarsophalangeal joint’ OR MTP* OR Hallux OR Toe

	5
	Keywords
	Protocol OR acquisition OR procedure OR process OR exam* OR Position OR Scanning OR technique* OR guideline* OR Recommendation* OR approach 

	6
	Combine 
	1 OR 2

	7
	Combine 
	3 OR 4

	8
	Combine 
	5 AND 6

	9
	Combine 
	6 AND 7 AND 8
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