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2. Abstract
Identification and characterisation of foreign bodies (FBs) in the distal limb of horses poses a diagnostic challenge. The aims of this prospective experimental cadaver study were to describe the appearance of five foreign body materials within the equine hoof using computed tomography (CT), magnetic resonance imaging (MRI) and digital radiography (DR) and to compare interrater agreement between three reviewers. Fifty FBs consisting of five materials were implanted at a solar location or a coronary location in 25 equine cadaver feet.  The images were reviewed by three equine veterinarians experienced in advanced imaging interpretation, who were blinded to the material of the FB. Foreign bodies were graded on visibility and appearance. Sensitivity (Se) and specificity (Sp) were calculated for accurate identification of the different materials. Interrater agreement was assessed using Fleiss’ kappa. CT had higher visibility score, Se/Sp and interrater agreement for detection of all materials, particularly slate, glass and dry wood, compared to the other imaging modalities. Soaked wood and plastic had lower Se (31-33%) on CT with a similar attenuation of the two materials. FBs were often visible on MRI, however with similar appearance and unclear details. On DR only slate and glass were visible. The interrater agreement for identifying the correct material was almost perfect for slate, glass and dry wood (κ 0.92-1.00) and poor for plastic and soaked wood (κ <0.20) on CT. Interrater agreement was poor for all materials on MRI and DR (κ <0.20), except for slate on DR which was fair (κ 0.28).
Word count: 249


Text
Introduction
Injuries to the foot are common in the horse and can involve foreign bodies 1. Foreign bodies in the foot can pose a diagnostic challenge for the clinician when not readily apparent on physical examination. Fencing and stabling materials for horses often comprise of wood, stone or plastic and broken glass may be encountered on the ground on roadways and in fields.
Multiple imaging modalities have been evaluated in vivo and ex vivo with respect to foreign body detection in human medicine and MRI is considered the least suitable method for two main reasons: the risk of metal foreign body moving as a result of the magnetic field and the difficulty in detecting many materials on MRI 2–4. Foreign bodies are often seen as low signal areas on MRI making them challenging to correctly identify 4. In horses with penetrating foot injuries, a hypointense foreign body such as wood may be difficult to differentiate from a hypointense penetration tract5. In acute injuries, hemorrhage within the tract can be identified by a high intensity signal on short tau inversion recovery (STIR) sequence in combination with a hypointense signal on T2*‐weighted sequence (and often a hypointense signal on T1-weighted sequence) 5. Magnetic resonance imaging, due to its widespread availability and the convenience of low-field standing MRI systems in particular, has been adopted as de facto gold standard imaging modality for assessment of solar penetrations in horses 6,7. However, certain limitations of MRI for this indication have been recognised, including difficulties in identifying wooden foreign bodies 5.
In humans diagnostic imaging, ultrasound and computed tomography (CT) are considered the gold standard imaging modalities for detection of foreign bodies 8. Ultrasonography is a recommended imaging modality for detection of foreign bodies in the horse, compared to radiography due to the low sensitivity for detecting many materials radiographically 9. However, ultrasonography of foreign bodies within the foot is limited by the hoof capsule, although transcuneal ultrasonography does offer a limited acoustic window of the distal aspect of the podotrochlear apparatus 10. Access to CT imaging is increasing and a recent report highlights the use of technologies allowing CT imaging of the limbs to be performed in standing horses 11. This added convenience is likely to result in an increase in CT imaging being used to assess the foot and distal limb following penetrating injury and in cases of suspected foreign body.
The aim of this study is to describe the appearance of five common foreign body materials (slate, plastic, glass, dry wood and soaked wood) within the equine foot on CT, MRI and direct digital radiography (DR) and to report the interrater agreements. We hypothesised that CT would be superior to MRI in differentiating between materials. We elected not to include any metallic foreign bodies in this study, as we suspect that most equine veterinarian would easily recognise the appearance of metal on radiography, as well as the characteristic artefacts caused by metal on MRI and CT. 

Methods 
For this prospective experimental study, five different foreign body materials were implanted into cadaver equine feet before each foot was imaged using DR, CT and MRI. A total of 25 limbs from euthanised horses were used in accordance with the following Institute ethical approval (RETH000689). Limbs were excluded from the study if there was overt traumatic injury that may interfere with acquiring or interpreting images in regards to the study. Limb suitability was assessed by the first author (second year American College of Veterinary Sports Medicine and Rehabilitation (ACVSMR) equine resident). No limbs were excluded from the study. 
Materials included: air dried Birchwood fluted dowels (n=10) (Silverline Ltd, Surbiton, U.K.), air dried Birchwood fluted dowels soaked in a mixture of blood and saline for 2-15 days (n=10) (Silverline Ltd, Surbiton, U.K.), glass stirring rod for scientific use, non-leaded (n=10) (Kabolo, London, U.K.), acrylonitrile butadiene styrene plastic rods (n=10) (WWS scenic manufacture, Neath, Port Talbot, U.K.) and grey slate chips (n=10) (B&Q, Hampshire, U.K). The materials were cylindrical in shape and cut in to similar sizes (Figure 1). All particles had volumes in the range 0.25-1.13cm3 (2-4cm length and 0.4-0.6cm diameter), with the exception of slate. Slate was more difficult to create in to uniform shapes and volume ranged from 0.8-3.78cm3. Foreign bodies were implanted in two sites within each cadaver foot by the first author; at the centre of the frog 2-3cm deep and from the lateral or medial coronary band at the level of the collateral cartilage. At the coronary location the foreign body was inserted distally and axially to the hoof wall 2-3 cm deep. A sharp incision was made into the frog or the coronary band to allow the foreign body to be inserted. 
Two foreign bodies were inserted in each limb, one at the coronary location and one at the solar location. The same or a different material was inserted at the two sites within each cadaver limb. Twenty-five cadaver limbs were used resulting in a total of 50 foreign bodies (ten from each material). Half of the foreign bodies from each material were inserted in to a solar location and the other half in a coronary location. Three imaging modalities were used (CT, MRI and DR) with each limb imaged once in each image modality. 
The CT scans were obtained using a helical 16 slice Aquilion large bore sliding gantry (Canon Medical Systems, Zoetermeer, Netherlands) 16 row x 1.0mm detector width, 550mm FOV, tube rotation time 0.75secs, gantry pitch 0.688, 120 KVp and 300 mAs, in lateral positioning. All CT images were reconstructed using a standard or sharp bone algorithm and a smooth, soft-tissue algorithm. Images were viewed on a computer monitor, using proprietary DICOM software in single (1.0 or 0.5mm slice thickness) and multiplanar views. MRI was performed using a standing equine 0.27 T low‐field MRI unit (Hallmarq Veterinary Imaging Ltd., Guilford, UK). T1‐weighted GRE 3D (TR 24.0ms, TE 7.0ms and 3mm slice thickness), T2*‐weighted GRE 3D (TR 34.0ms, TE 13.0ms and 3mm slice thickness) and T2‐weighted fast spin echo (TR 1848.0ms, TE 81.0ms and 5mm slice thickness) were acquired in transverse, dorsal, and sagittal planes, with lateral positioning. Lateromedial (LM) and dorso60proximal-palmar(plantar)distal oblique (D60Pr-Pa(Pl)Di-O) digital radiographs were obtained using the same digital radiography system (Canon CXDI-801C Wireless, 11x14 in, 1.25 mAs and 64 kV). 
The images were assessed using diagnostic imaging viewing software (RadiAnt 5.5.0 DICOM viewer) on a HP EliteDesk 800 G3 SFF Microsoft Windows PC by three equine veterinarians experienced in imaging interpretation (board-certified veterinary specialist in equine sports medicine and rehabilitation [ACVSMR]/alternate track large animal imaging resident [European College of Veterinary Diagnostic Imaging (ECVDI)], board-certified veterinary specialist in Equine Surgery [European College of Veterinary Surgeons (ECVS)] and PhD). The reviewers were blinded to the material of the foreign bodies. Reviewers were aware that each cadaver limb had two foreign bodies and the general regions where these were implanted. Each reviewer scored and reviewed the foreign bodies in each image modality once. 	Comment by Jeryl Jones: Certifying organization?	Comment by Jeryl Jones: Certifying organization?
For each foreign body in each imaging modality the reviewer recorded visibility score using a four-point scoring scale12 (Supplementary Item 1), radiopacity (DR), attenuation (CT) and signal intensity (MRI). The foreign bodies were assigned a radiopacity/attenuation (metal, bone, soft tissue, fat or gas) for DR and CT scans and the signal intensity was assigned for each of the MRI sequences (very low, low, intermediate or high signal intensity) (Supplementary Item 2). Visibility was graded as ‘good (3)’ when there was good demarcation from the surroundings and both the borders and details of the foreign body were clearly visible. ‘Fair (2)’ visibility was assigned to foreign bodies with some demarcation from the surroundings and borders were able to be identified but the details of the foreign body were not clearly visible. ‘Poor (1)’ visibility was assigned to foreign bodies with bad demarcation from surroundings, where the borders were not clearly visible and the details were not able to be seen. The visibility score ‘none (0)’ was used when the foreign body was not identifiable at all. HU measurements were performed from the CT images using ROI centred at the foreign body (Figure 2). The measurements were obtained by placing an ellipse at the centre of the foreign body and recording the mean HU for the ellipse, this was repeated in triplicate and a mean +/- standard deviation HU were calculated. 
In addition, the reviewers were asked to choose the foreign body material they suspected in each modality (slate, plastic, glass, dry wood, soaked wood or unable to determine material). An inconclusive result was recorded when the reviewer could not determine the material. All reviewers assessed and scored the images independently.

Data analysis
Statistical analysis was performed by the first author (second year ACVSMR equine resident with training in statistical analysis through Veterinary Professional Studies with the University of Liverpool’s School of Veterinary Science) using statistical analysis software (Minitab, Minitab Ltd, Coventry, Warwickshire, UK.).  Statistical significance was set to P ≤0.05. Chi square was used to compare visibility scores for the two different location (coronary and solar) within the each of the three imaging modalities. When there was a small cell size (value less than 5) the Chi square test was replaced by Fisher’s exact test. Visibility scores for the different imaging modalities were compared using Kruskal-Wallis one-way analysis of variance, followed by a post hoc Mann-Whitney U test if significant difference between groups was identified. The confidence interval was set to 95%. Interrater agreement for correct identification of the foreign body material for each imaging modality (overall and for each materials) was assessed using Fleiss’ kappa. Fleiss’ kappa was graded poor if κ ≤0.20, fair κ 0.21-0.40, moderate κ 0.41-0.60, substantial κ 0.61-0.80, good κ > 0.80 and perfect κ 1.0013. Sensitivity and specificity for identification of the foreign body material was calculated for each material and each imaging modality, using the true material as the reference standard. Inconclusive results (reviewer selecting ‘unable to determine material’) were included in the sensitivity and specificity calculations (Table 1), with inconclusive results counted as false positive for the computation of sensitivity and as false negative for the computation of specificity 14,15. 	Comment by Jeryl Jones: Please provide statistics expertise.	Comment by Jeryl Jones: Please add the reference standard.

Results
Sensitivity was calculated for identification of correct foreign body material, based on what material reviewers suspected in each imaging modality (slate, plastic, glass, dry wood, soaked wood or unable to determine material). Sensitivity (Se) for correct identification of the foreign body materials was highest with CT examination (Table 2). Slate, glass and dry wood had the highest Se on CT (above 62%), with plastic and soaked wood having lower Se (32% and 31% respectively). All materials except for slate and glass had a Se less than 4.7% on DR. On MRI the Se was between 22% and 35% for all materials except for plastic which was 9.8%. Specificity was highest with CT for all materials (80-87%), followed by MRI (65-76%) and DR (33-42%). Inconclusive results were much higher for DR with observers selecting the option ‘unable to determine material’ in 52% of the foreign bodies, compared to for 11% for CT and 19% for MRI. 
For CT there was moderate interrater agreement between the reviewers for determining all foreign body materials (Table 3). Interrater agreement was perfect or almost perfect for slate, glass, and dry wood, however was poor for soaked wood and plastic (Table 3). On DR and MRI the overall interrater agreement for determining foreign body material was poor. Slate was the only foreign body material on radiography with fair interrater agreement (Table 3). 
There was significant variation of visibility scores for the same material between imaging modalities (P <0.02).  Visibility scores (mean and standard deviation) for the different materials are presented in Table 4. Computed tomography had a significantly higher visibility score for all materials except for slate, for which there was no significant difference between CT and DR (P = 0.608) (Table 4). Magnetic resonance imaging had significantly higher visibility score than DR for dry wood, soaked wood and plastic and lower visibility scores for slate and glass (Table 4). Borders as well as details of the foreign body materials were visible for most materials on CT, with only 7% of foreign bodies having no details of the foreign body (visibility score of ‘poor’ or ‘none’) (Figure 3). Compared to MRI where although borders often could be identified, details of the foreign bodies were rarely visible (Figure 4). There were no details of the foreign body (visibility score of ‘poor’ or ‘none’) in 59% of foreign bodies on MRI (42% in T1 weighted images, 79% in T2 weighted images and 57% in T2* weighted images).  
The location (coronary or solar location) did not alter the visibility score for MRI (P=0.36) or CT (P=0.8) for any of the materials. For DR however, there was a significant difference in the visibility score depending on location for glass. Visibility scores for glass were higher with a coronary location compared to a solar location on the D60Pr-Pa(Pl)Di-O views (P = 0.02), and for solar location on LM views (P=0.01). For all other materials on there was no difference between location and visibility score (P > 0.05). 
On DR dry wood, soaked wood and plastic had a similar radiopacity of soft tissue (Figure 5). Glass had the radiopacity of bone while slate was slightly more radiopaque (Figure 5). On MRI, all materials except for soaked wood had a very low signal intensity in all sequences (Figure 4). Soaked wood had a signal intensity that varied from high to very low on T1 weighted images (Figure 4), and from high to intermediate signal intensity on T2 and T2* weighted images. Susceptibility artefact was frequently associated with slate foreign bodies (Figure 5). On DR and CT, gas surrounding the foreign body would occasionally outline the foreign body, enabling the reviewer to recognise that a foreign body was present, despite the foreign body having a similar radiopacity/attenuation as surrounding soft tissues. On the contrary, on MRI surrounding gas is seen as a signal void making the borders of low-signal foreign bodies being more difficult to identify. 
The mean HU for all materials are listed in Table 5. There was no significant difference between HU measurements between reviewers (P=1.0). Slate and glass had the highest HU densities and dry wood had the lowest HU density. Soaked wood and plastic had overlapping HU ranges and similar HU, making them difficult to differentiate on CT. 

Discussion
In this ex vivo study we compared the appearance of foreign bodies, made from five non-metallic materials, in equine feet using three diagnostic imaging modalities (DR, MRI and CT). This study shows that CT had the highest Se and Sp followed by MRI and DR for identifying the foreign body material. Sensitivity was similar for soaked wood on MRI and CT. It is important to recognise that the Se and Sp calculations within this paper are referring to the accurate identification of a specific material, while the visibility score is assessing the reviewers ability to identify a foreign body (of any kind). In a clinical setting, being able to identify the specific material of a foreign body is often not required. However, in a situation where a specific material is suspected it is important that the correct imaging modality is selected to enable detection of the foreign body.  
When reviewers were asked to choose a suspected foreign body material, inconclusive results were more common on DR, followed by MRI and infrequent on CT. If inconclusive results were to be excluded in this study the results would have been higher for all imaging modalities giving a flawed interpretation. Accuracy of diagnostic tests are commonly calculated using a 2x2 classification matrix, where positive or negative test results are compared against a reference standard 15. Using the standard approach, test results can only be categorised as positive or negative. However, many diagnostic tests including many imaging modalities can have inconclusive results. If the inconclusive results are simply excluded this will affect calculations for Se and Sp for a diagnostic tests with results being artificially inflated 15. 
Computed tomography had the highest visibility and interrater agreement scores compared to the other imaging modalities. Although many materials could be visualised on MRI, details of the materials were not clear and most material types were indistinguishable. Further, we found that even relatively large foreign bodies used in this study consisting of plastic or wood were not detectable on DR. 
Radiography is often the first imaging technique used in horses in a clinical setting with foot trauma due to the wide availability, ease of use and relatively low cost to the client. Findley et al. (2014) found that radiography aided in diagnosis of 77% of horses treated for solar foot penetration 16. However, herein neither dry wood nor soaked wood were visible on DR. Consistent with our findings, Farr et al. (2010) have previously described the inability of detecting wooden foreign bodies in horses using plain radiographs 9. Although, radiography may aid in diagnosis in horses with solar penetrations as described in the study by Findley et al. (2014), this is may be related to changes relating to the foreign body rather than visualisation of the foreign body. For example, in clinical cases soft tissue swelling, bone modelling or the presence of gas opacity as a mark of penetration may aid in diagnosis without the foreign body itself being visible.
Detection of foreign bodies on radiography is not only affected by the radio-density of the material, but also the location, size and quality of radiographs 8. For example, glass has a density of 2.4-2.8mg/ml, compared to 1.5mg/ml for soft tissue 17, and was scored higher than wood (mean visibility score 2.4 and 0.2) (P < 0.01) by all three reviewers. 
Superimposition of the foreign bodies on bone affected the ability to detect glass foreign bodies in this study. However, superimposition did not affect slate, which has a radiopacity closer to metal, enabling detection despite superimposition. 
Despite these limitations, radiography remains an important first line imaging tool when assessing foot trauma with the potential for foreign bodies. In live animals, gas within a foreign body tract and soft tissue swelling may be seen radiographically in acute cases, with secondary osseous reaction occasionally observed in chronic cases. In a retrospective case series of horses with solar penetration that underwent standing low-field MRI a large proportion (29%) of horses had radiographic abnormalities present 18. 
The ability to distinguish between two adjacent objects with different densities on CT is dependent on high spatial resolution 19. Spatial resolution is determined by many factors, an important one of which is the size of the reconstruction field of view (FOV) 19. Pixel size increases as the reconstruction FOV increases in diameter 19. The image resolution for the CT images in this study could have been improved by using a smaller reconstruction FOV.  
Compared to radiography, CT has lower spatial resolution of approximately 0.3mm, compared with DR of approximately 0.17mm 20. This should reduce the ability to detect very small objects however in a practical setting however, when comparing the visibility scores and the ability to correctly identify foreign body material it is clear that CT’s shortcoming in spatial resolution is compensated for by its other imaging attributes. One of the advantages of CT compared to conventional radiography is the three dimensional nature of CT which eliminates superimposition, and multiplanar reconstructions offer the viewer additional information about the location and detail of the foreign body. In addition, CT has a better low-contrast resolution compared to radiography 19. Computed Tomography can detect density differences as low as 0.25%, compared to conventional radiography where density differences of approximately 10% is required 19. 
This study has highlighted the utility of HU in identifying the material makeup of foreign bodies. Hounsfield units are a reflection of the average linear attenuation coefficient of the materials in a pixel, and the importance of their measurement has previously been demonstrated in humans where wooden foreign bodies within the orbit have been misinterpreted as air due to the similar attenuation when HU measurements have not been performed 21,22. The attenuation of soaked wood varied depending on the amount of fluid within the wood in this study, with more soaked wood having very similar attenuation to the surrounding soft tissues. Although, HU measurements were crucial for identification of materials in this study, plastic and soaked wood were often incorrectly identified as range of HU for plastic (-5.43 to 47.57) was within that of soaked wood (-207.3 to 156.7). 
The range of HU depends on how heterogeneous the material is, as well as the shape and material composition 12,23,24. For example, glass has been reported to have mean HU ranging from 493 to 2088 depending on the type of glass 23. Irregular shaped objects and materials that are more heterogeneous, such as slate, will have a greater variation in HU 24. Consistent with previous research, we found that slate had a larger range of HU values compared to more homogenous materials like plastic. Hounsfield units were measured three times in this study within the centre of the material, however specific instructions were not given for selecting three different sites. Repeating the measurement at multiple sites of the foreign body is particularly important when measuring irregular shaped and/or heterogeneous materials 24.
In human medicine MRI is not commonly used for detection of foreign materials due to the cost and time required for acquisition, as well as the low sensitivity for detection of foreign bodies 8,25,26. In contrast, MRI is a common imaging modality for solar penetrations in the horse; relying largely on metallic susceptibility artefact to detect areas of haemosiderin deposition and small metallic particles 1,5,16. Our study introduces the possibility that a number of foreign bodies may be missed clinically within the horses’ foot. All material used in this study had a very low signal on MRI with the exception for soaked wood and scored poorly on visibility scores compared to CT. In addition, in MRI the thickness of the slices, slice gap and the inability to create a 3D multiplanar reconstruction, using standard (non-isotropic) image sequences, means that smaller foreign bodies could easily be missed. Clear definition of the margins, shape and size of the foreign bodies were also hampered by surrounding gas seen as a signal void in all imaging sequences. Atoms in solids and rigid macromolecules are relatively fixed and will be the least effective at removing energy via spin-lattice relaxation 27. These will have a relatively long T1 relaxation resulting in decreased T1 signal intensity 27. Conversely, the structure of solids and rigid macromolecules results in a very short T2 decay resulting in decreased T2 signal intensity 27. This effect was noted in the intensity score on MRI where the reviewers noted low signal intensities in all materials with the exception for soaked wood which had an intermediate to low signal intensity as a result of the water content within the wood. 
Identification of foreign bodies on MRI can be easier when the material produces a susceptibility artefact, although this will obscure the size, outline and details of the foreign body 28. Both glass and stone may contain elements that gives them magnetic susceptibility 25,28. Stones in particular often contain high levels of ferromagnetic elements resulting in large susceptibility artefacts, while glass more commonly contain paramagnetic elements resulting in smaller artefacts 28. MRI had a higher sensitivity for slate compared to the other materials in this study, which is likely due to the characteristic large susceptibility artefact allowing identification. Slate was the only material in this study creating this artefact. It is likely that if multiple materials creating such an artefact were compared in this study the sensitivity would have reduced. 
The interrater agreement for material identification is reflected by two things: the visibility of a particular material on the imaging modality in question and the reviewers’ knowledge of the appearance of the material in the specific imaging modality.  Inability to detect materials on DR resulted in poor interrater agreement for identification of plastic, soaked and dry wood. The more radiopaque materials (glass and slate) were readily identified by two (reviewer 1 and 2) of the reviewers on DR, however not by one of the reviewers. On MRI, where slate had a consistent characteristic, two reviewers (reviewer 1 and 3) correctly identified slate most of the time, while one of the reviewers rarely did so. This resulted in an overall poor interrater agreement between all three reviewers. None of the reviewers were superior to the other reviewers across imaging modalities and materials despite a variation in qualifications and clinical experience. Computed tomography had the best interrater agreement with all three reviewers having excellent agreement for most materials, which is most likely due HU providing an objective tool to differentiate materials, with only the two materials (plastic and soaked wood) with similar HU spectrums having poor interrater agreement. 
One of the limitations of this study includes the relative large size of the foreign bodies and the reviewer’s knowledge of the approximate locations of the materials. We found that all foreign bodies were detectable on CT and MRI, however despite the large size of materials used in this study only slate and glass were consistently detectable on DR. Size has been shown to be an important factor for identifying wooden and plastic materials on CT in another cadaver study, where wooden foreign bodies under 3mm and plastic foreign bodies under 0.5mm were not detectable 4. Detection rates in clinical cases with smaller foreign bodies in unknown locations are expected to be lower. We suspect that foreign bodies of soaked wood in particular will be difficult to identify in clinical cases due to the similar attenuation to soft tissues within the foot. Another limitation of this study is the lack of inflammatory response that would have been expected in live horses with chronic foreign bodies such as abscess formation, gas in the penetration tract, irregular new bone formation or a drainage tract at the foreign body. Further, in a live horse haemorrhage within the tract can be identified as a high signal intestine in STIR sequences 5.
In conclusion, findings in this sample of equine cadaver specimens indicated that visibility scores, Se and Sp for detection of foreign bodies were higher with CT compared to the other imaging modalities. This study has demonstrated the limitation of DR for detection of both wooden and plastic foreign bodies. We have also demonstrated the limitation for detection and identification of foreign bodies on MRI. In cases with negative findings on MRI and DR, where there is a suspected foreign body within the hoof, particularly in cases where plastic or wood fencing or glass materials have been found at the scene of injury, CT examination should be considered. Looking forward, the effect of foreign body size is an important area for future research to explore.
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7. Tables 
	Table 1. Classification table used for calculating sensitivity, specificity, positive predictive value and negative predictive value including inconclusive test results for the material of each foreign body. The material slate is used as an example in this table. 

	
	Slate present
	Slate absent

	Positive
	True positive (reviewer picked ‘slate’)
	False positive (reviewer picked ‘slate’)

	Inconclusive
	Slate present, inconclusive results (reviewer picked ‘unable to determine material’)
	Slate not present, inconclusive result (reviewer picked ‘unable to determine material’)

	Negative 
	False negative (reviewer picked other material than slate)
	True negative (reviewer picked other material than slate)






	Table 2. Sensitivity and specificity for correct identifiction of the foreign body materials for CT, DR and MRI including inconclusive results. 

	
	CT
	DR
	MRI

	
	Se (95% Cl)
	Sp (95% Cl)
	PPV (95% Cl)
	NPV (95% Cl)
	IR% (total)
	Se (95% Cl)
	Sp (95% Cl)
	PPV (95% Cl)
	NPV (95% Cl)
	IR% (total)
	Se (95% Cl)
	Sp (95% Cl)
	PPV (95% Cl)
	NPV (95% Cl)
	IR% (total)

	Slate
	65% (50-79%)
	87% (79-92%)
	65% (53-76%)
	87% (81-91%)
	0.0% (11%)
	18% (11-27%)
	33% (25-42%)
	18% (13-26%)
	33% (27-39%)
	3.3% (52%)
	35% (23-49%)
	66% (56-74%)
	32% (24-42%)
	56% (48-63%)
	1.3% (19%)

	Plastic
	32% (18-50%)
	82% (74-88%)
	34% (22-49%)
	81% (77-84%)
	6.0% (11%)
	4.7% (1.3-11%)
	39% (31-47%)
	4.4% (1.7-11%)
	40% (35-45%)
	15% (52%)
	9.8% (3.2-21%)
	65% (56-73%)
	10% (4.5-21%)
	64% (61-68%)
	5.3% (19%)

	Glass
	62% (50-79%)
	86% (78-92%)
	64% (52-74%)
	87% (81-91%)
	0.0% (11%)
	15% (8.7-24%)
	34% (26-43%)
	15% (10-22%)
	34% (29-40%)
	5.3% (52%)
	22% (11-35%)
	66% (58-75%)
	20% (13-31%)
	68% (64-72%)
	5.3% (19%)

	Dry wood
	65% (50-79%)
	84% (76-90%)
	61% (50-71%)
	79% (75-82%)
	0.0% (11%)
	1.1% (0.0-6.3%)
	42% (33-50%)
	1.2% (0.2-7.8%)
	41% (36-46%)
	15% (52%)
	21% (11-34%)
	65% (56-73%)
	20% (13-31%)
	66% (62-70%)
	4.0% (19%)

	Soaked wood
	31% (17-48%)
	80% (71-86%)
	32% (21-45%)
	79% (75-82%)
	4.7% (11%)
	2.3% (0.3-8.1%)
	41% (33-50%)
	2.6% (0.6-8.7%)
	41% (36-46%)
	14% (52%)
	28% (16-42%)
	76% (68-83%)
	33% (23-46%)
	71% (67-75%)
	3.3% (19%)


	Sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative predictive value (NPV) and 95% confidence interval (CI), inconclusive results (IR). Inconclusive results are demonstrated as a percentage for each material when the foreign body of that material was present and the results were inconclusive, followed by the total percentage of inconclusive result for the imaging modality in brackets. 






	Table 3. Interrater agreement (Fleiss’ kappa = κ) to identify the correct material on DR, CT and MRI.

	
	Slate
	Plastic
	Glass
	Dry wood
	Soaked wood

	CT κ
	1.00
	0.05
	0.96
	0.92
	-0.01

	MRI κ
	0.18
	-0.05
	-0.01
	0.02
	.051

	DR κ
	0.28
	-0.09
	0.17
	-0.04
	0.10

	Fleiss’ kappa: poor κ ≤0.20, fair κ 0.21-0.40, moderate κ 0.41-0.60, substantial κ 0.61-0.80, good κ > 0.80 and perfect κ 1.0013.





	Table 4. Visibility score for foreign bodies using DR, CT and MRI. 

	
	Slate
	Plastic*
	Glass*
	Dry wood*
	Soaked wood*

	DR
	2.9 +/- 0.3
	0.2 +/- 0.4
	2.4 +/- 0.8
	0.2 +/- 0.4
	0.2 +/- 0.5

	CT
	3.0 +/-0.2 
	2.3 +/-0.6
	3.0 +/-0.0
	2.5 +/-0.6
	1.9 +/-0.5

	MRI
	0.8 +/- 0.7*
	1.1 +/- 0.9
	1.3 +/- 0.8
	1.1 +/- 0.5
	1.4 +/- 0.9

	Visibility grading scale (0-3): 0 = none, 1 = poor, 2 = fair, and 3 = good. 
Visibility scores differed significantly for materials between imaging modalities (*) based on Kruskal-Wallis one-way analysis of variance with post hoc analysis (P < 0.02), with the exception for slate on CT and DR (P 0.608). Results are presented as mean +/- standard deviation. 





	Table 5. Hounsfield units of foreign body materials used in this study.  

	
	Slate
	Plastic
	Glass
	Dry wood
	Soaked wood

	HU
	2860 (+/-237)
	18 (+/-14)
	1455 (+/-52)
	-314 (+/-70)
	34 (+/-111)

	Minimum
	2509.3
	-5.43
	1335.3
	-469.7
	-207.3

	Maximum
	3583.7
	47.57
	1570.7
	-225.0
	156.7

	 Results are presented as mean +/- standard deviation






	Supplementary Item 1. Four point visibility scoring scale used for all imaging modalities. 

	Score
	Visibility
	Definition

	3
	Good
	Good demarcation from surroundings. The borders and details of the foreign body were clearly visible. 

	2
	Fair
	Some demarcation from surroundings. The borders were able to be identified but the details of the foreign body were not clearly visible. 

	1
	Poor
	Bad demarcation from surroundings. The borders were not clearly visible, and details of the foreign body were not able to be seen. 

	0
	None
	Unable to identify the foreign body at all. 





	Supplementary Item 2. Signal intensity definition and description used to assign MRI intensity

	
	Signal intensity
	Description and tissue examples

	T1W
	Very low signal intensity 
	Black; tendon, cortical bone

	
	Low signal intensity
	Grey; synovial fluid, muscle (intermediate to low)

	
	Intermediate signal intensity
	Light grey;  cartilage (intermediate to high)

	
	High signal intensity
	White; adipose

	T2W
	Very low signal intensity 
	Black; tendon, cortical bone

	
	Low signal intensity
	Grey; muscle

	
	Intermediate signal intensity
	Light grey; cartilage (intermediate to low)

	
	High signal intensity
	White; synovial fluid, adipose

	T2*W
	Very low signal intensity 
	Black; tendon, cortical bone

	
	Low signal intensity
	Grey; adipose 

	
	Intermediate signal intensity
	Light grey; synovial fluid

	
	High signal intensity
	White; fluid





8. Figures
Figure 1. Foreign body materials used. From the left: slate, plastic, glass and wood (the same wood was used for the soaked wood foreign body).  
Figure 2. A transverse CT image with a foreign body in a solar location. Hounsfield unit (HU) measurements were obtained by placing an ellipse centred on the region of interest. The mean from the region of interest was recorded, and the measurement was repeated three times for each foreign body and the total mean calculated. Specimen positioning is lateral and the  image is displayed in bone window (window level 350 HU and window width 2700 HU). 	Comment by Jeryl Jones: Please add specimen positioning.
Figure 3. Sagittal CT images demonstrating appearance of slate (A), plastic (B), glass (C), dry wood (D) and soaked wood (E). B and E, Note the similar appearance of plastic and soaked wood. Specimen positioning is lateral and  images are displayed in bone window (window level 350 HU and window width 2700 HU). The slice thickness was 1.00 mm and the images were acquired with 120 kVp. 	Comment by Jeryl Jones: Please add specimen positioning.
Figure 4. Low-field MRI images demonstrating appearance of slate (A), plastic (B), glass (C), dry wood (D) and two images of soaked wood (E and F) in solar locations. A, A characteristic artefact is visible surrounding the slate foreign body. B, C and D, Note the similar appearance and low intensity signal for plastic, glass and dry wood foreign bodies. E and F, Soaked wood ranged in signal intensity depending on the amount of fluid within the wood. Specimen positioning is lateral and images are displayed in T1‐weighted GRE 3D (TR 24.0, TE 7.0 and 3mm slice thickness). 	Comment by Jeryl Jones: Please add specimen positioning.
Figure 5. A and B, Lateromedial (LM); C and D, dorso60proximal-palmar(plantar)distal oblique (D60Pr-Pa(Pl)Di-O) projections of the feet with foreign bodies at solar and coronary locations. Glass (arrow heads) and slate (arrows) foreign bodies can be seen at coronary locations. Wood (dashed circles) and plastic (white circles) foreign bodies are present at solar locations but not visible in the LM or D60Pr-Pa(Pl)Di-O projections.
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