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ABSTRACT 

Cinematic rendering (CR), is a novel post-processing technique similar to volume rendering (VR), 

which allows for a more photorealistic imaging reconstruction by using a complex light modelling 

algorithm, incorporating information from multiple light paths and predicted photon scattering patterns. 

Several recent publications have argued that CT gives a better “realism” and “expressiveness” 

experience over VR techniques in adult imaging. CR has also been shown to improve visualization of 

musculoskeletal and vascular anatomy compared with conventional CT viewing, and may help non-

radiologists to understand complex patient anatomy.    

 

In this pictorial review we provide an overview of how CR could be used in paediatric musculoskeletal 

imaging, particularly in complex diagnoses, surgical planning, and patient consent processes. We 

present a direct comparison of VR and CR reconstructions across a range of congenital and acquired 

musculoskeletal pathologies, highlighting potential advantages and areas for further research.  

 

Abstract



 1 

Cinematic Rendering of Paediatric Musculoskeletal Pathologies:  1 

Initial Experiences with CT 2 

 3 

ABBREVIATIONS 4 

2-D Two Dimensional 5 

3-D Three Dimensional 6 

BKA Below Knee Amputation 7 

CR Cinematic Rendering 8 

CT Computed Tomography 9 

DDH Developmental Dysplasia of the Hip 10 

FDA Food and Drug Administration 11 

FNA Femoral neck anteversion 12 

MDT Multi-Disciplinary Team  13 

MIP Maximum Intensity Projection 14 

MRI Magnetic Resonance Imaging 15 

SUFE Slipped Upper Femoral Epiphysis 16 

VR Volumetric Rendering 17 

 18 

MANUSCRIPT 19 

 20 

Introduction 21 

 22 

Three dimensional (3-D) imaging modalities for musculoskeletal diseases provide many advantages over 23 

routine two dimensional (2-D) planar radiographic imaging, as they involve the manipulation, rotation and 24 

post-processing of volumetric datasets to produce a variety of imaging reconstructions, helping better 25 

understand anatomical relationships of different structures. The most commonly used post-processing 26 

tool for creating 3-D reconstructions is the ‘volume-rendering’ technique (VR). In recent years, a newer 27 

rendering technique has been developed and termed “cinematic rendering” (CR) (Syngo.via, Siemens 28 

Healthineers, Forcheim, Germany)1. This has been shown to provide a more ‘photorealistic’ imaging 29 
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reconstruction by using a light modelling algorithm which incorporates information from various light paths 30 

and predicted patterns of photon scattering 2.  31 

 32 

Several recent publications have demonstrated the superior ‘expressiveness’ and ‘realism’ of CR over VR 33 

techniques for adult musculoskeletal 3,4 and cardiovascular diseases 5,6, and has even been 34 

demonstrated to reduce ‘time to comprehension of surgical anatomy’ amongst general surgeons (56.6 35 

seconds for CR vs 75.0 seconds in conventional CT imaging) 7. Despite CR having passed the Food and 36 

Drug Administration (FDA) approval for clinical usage 8, applications in children’s imaging have not yet 37 

been explored, possibly due to the lack of availability and awareness of CR, and relatively less CT use in 38 

general paediatric radiology. Prior work by Dappa et al2 comparing VR and CR in adult body imaging did 39 

not find any major differences in the diagnostic value (for radiologists) between the two techniques, 40 

however they did report that the perception of depth and soft tissue structures was more realistic using 41 

CR. This benefit could potentially be helpful in certain situations where there is complex anatomy and 42 

need for careful pre-surgical planning. It is therefore important that ‘use-cases’ and examples are 43 

demonstrated and presented to stimulate discussion and research for it’s usage in paediatric radiology. 44 

 45 

In this pictorial review, we present a variety of common and unusual developmental musculoskeletal 46 

pathologies in children. We  demonstrate examples of both the VR and CR reconstructions, and invite 47 

readers to decide for themselves whether these differences would convey an added benefit for their 48 

clinical practice or for educational purposes.   49 

 50 

How does cinematic rendering work? 51 

 52 

CR and VR are computerized reconstruction techniques for conventional volume acquired datasets. CR 53 

and VR both involve the mapping of acquired voxel densities into a display colour. Conventional VR uses 54 

weighted sums of percentages tissue type across a volume to determine colour and transparency of each 55 

voxel, and simulated light rays to create a projection volume to modulate colour 9. 56 

 57 



 3 

CR uses of a Monte Carlo path tracing method to simulate how photons have passed through the imaged 58 

tissue from all directions 2,10. As there are theoretically an infinite number of directions from which a 59 

photon could travel, the Monte Carlo simulation generates a random number of light paths, which are 60 

averaged over time to create an image, approximating photon travel from all directions. This complex 61 

interaction of light rays better imitates how we visualise objects in real-life, resulting in the so-called 62 

‘photorealistic’ image. The path tracing method also takes into account any overlying structures, 63 

generating shadows to help improve depth perception of the final digital 3-D model 2,10.  64 

 65 

In order to derive the most realistic 3-D images, the CR technique is best reserved for imaging datasets 66 

that show a high contrast difference between tissue types, for example bony structures or vascular 67 

structure following IV contrast (compared to the background soft tissue density) on CT 2. Although CR can 68 

be also applied to isovolumetric MRI datasets, much of the current evidence for its use comes from CT, 69 

the focus of this review.   70 

 71 

Paediatric Musculoskeletal Use-Cases 72 

 73 

In the paediatric population only small case series assessing cardiac anomalies 11,12 and case reports for 74 

post-mortem fetal 13 and intra-uterine imaging 14 have been published. Musculoskeletal anomalies are 75 

well suited for CR reconstruction, given the marked differences in tissue densities between bone and soft 76 

tissue 15. Despite concerns regarding radiation dosage, a variety of childhood complex musculoskeletal 77 

pathologies  are still best imaged by CT. High quality 3-D rendered models demonstrating the spatial 78 

relationship of osseous and soft tissue abnormalities are particularly important for congenital, infectious, 79 

neoplastic and traumatic changes in complex anatomical regions 16,17, examples of which are provided 80 

here.  81 

 82 

Congenital Developmental Anomalies 83 

 84 
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Congenital (developmental) musculoskeletal anomalies cover a diverse range of pathologies, and may 85 

affect a single location (i.e. a single ray or limb) or multiple bones in the form of a skeletal dysplasia. Not 86 

all anomalies may be identified at birth, with some presenting later in childhood typically after minimal 87 

trauma or after investigation for an unrelated disease. Plain radiography is typically the first line tool, 88 

however where the anatomy is complex, or where surgery is being considered, CT imaging may be 89 

performed.   90 

 91 

Tarsal Coalition 92 

CT is often used to assess tarsal coalition in children; to identify whether the coalition is osseous or non-93 

osseous, detect associated degenerative changes, and also the extent of the involved facets in a subtalar 94 

coalition 18. The CR technique could be used to provide improved visualisation of the underlying anatomy, 95 

which is known to play a part in surgical planning and prognosis of patient outcomes 19 (Figure 1). 96 

Surgical intervention typically involves resection of the coalition before the onset of degenerative 97 

changes. Although radiologists may be comfortable reviewing multiplanar images, the photorealistic CR 98 

reconstructions could help better demonstrate presence of osteophytes and tarsal malalignment for non-99 

radiologists, and in some rare cases, identify more than one tarsal coalition. Post-surgical imaging with 100 

CR reconstructions may potentially better highlight complications such as incomplete coalition resection20. 101 

 102 

Developmental Dysplasia of the Hip (DDH) 103 

CT has a role in confirming successful hip reduction after closed reduction and spica casting (Figure 2), 104 

and in the evaluation of surgical outcomes (Figure 3). Where repeated surgeries are required, having a 105 

realistic 3-D CR model may be helpful for explaining to parents and the child how their pelvis and hips 106 

appear (compared to normal examples), and provide a better understanding of what type of surgery is 107 

planned. Although studies have yet to compare patient and parental experiences between CR and VR 108 

models; it is known that having unique and customised three-dimensional models do help to contribute to 109 

a patient’s understanding of their own disease, potentially improving adherence to treatment plans21.  110 

 111 

Skeletal Dysplasias 112 
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Cinematic rendering from post-mortem CT has been used to demonstrate lethal skeletal dysplasias 113 

(thanatophoric dysplasia and osteogenesis imperfecta), for both medical education and future pregnancy 114 

counselling 13, but could be used to better demonstrate skeletal appearances of other dysplasias 115 

particularly given that many have ongoing multisystemic complications, and many require orthopaedic 116 

procedures to improve their activities of daily living.  117 

 118 

CT may be performed for pre-surgical planning for orthopaedic procedures, or reasons unrelated to the 119 

musculoskeletal system, where CR may be opportunistically performed. This could apply to a multitude of 120 

different pathologies such as mucopolysaccharidoses (Figure 4) or those that affect the spine (Figure 5) 121 

and cause limb length discrepancy and arrested growth. In the adult literature, CR has been useful in 122 

depicting complex maxillofacial anatomy in a case of fibrous dysplasia 22. It is possible that CR could be 123 

useful for similar such cases in the paediatric population particularly for patient understanding and 124 

education. 125 

 126 

Traumatic Injuries 127 

 128 

Patterns of injury sustained through major trauma differ in children compared to adults and national 129 

guidelines recommend targeted CT imaging depending on the nature of the injury (for both major trauma 130 

23 and suspected physical abuse 24). CR could be helpful in demonstrating complex fractures and 131 

differentiating these from normal anatomical variants.  132 

 133 

This is particularly helpful for skull fractures, where differentiating normal suture lines from complex 134 

fractures can be difficult. Volume rendering has previously been shown to be superior to conventional 2-D 135 

CT viewing in the detection of linear skull fractures in a paediatric population 25 and CR could help 136 

improve upon the VR images (Figure 6). 137 

 138 

In the absence of a plausible mechanism of injury, rib fractures are highly specific for underlying 139 

suspected physical abuse 26. Studies have shown that CT imaging is more sensitive in the detection of rib 140 
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fractures (over plain radiography) 27,28, and CR reconstructions could provide a more ‘sanitised’ and 141 

understandable model showing the patterns of injury during medicolegal proceedings for members of a 142 

lay jury (Figure 7). This has been supported by work from the adult literature where CR was found to be 143 

superior to VR in terms of ‘expressiveness’ of traumatic injury patterns on post-mortem CT, and suitable 144 

for judicial review, as assessed by forensic pathologists 29. 145 

 146 

Certain appendicular fractures in children may warrant CT imaging over plain radiography, particularly 147 

where injury patterns are complex (e.g. comminuted ankle fractures 30,31 (Figure 8)) or in the assessment 148 

of post-traumatic complications. CR has previously been reported to be of particular help in adult 149 

musculoskeletal imaging for the identification of small fracture fragments, and in the detection of vascular 150 

injuries 4. In a separate study assessing use of CR in ankle sprains 3, there was a significantly higher 151 

preference for the CR (over VR) reconstructions amongst radiologists and orthopaedic surgeons in the 152 

visualisation of accessory ossicles and fractures. This is of particular relevance in the paediatric 153 

population where normal anatomical variants may be more commonly seen and mistaken for injuries. 154 

 155 

In addition to musculoskeletal pathology, CR has been shown to provide improved visualisation of 156 

underlying vascular anatomy (over 2-D CT images) for undergraduate medical education 32 and several 157 

studies have published examples of CR use in depicting cerebrovascular 33, mesenteric 34 and aortic 158 

vascular pathology 35. In relation to trauma, we have found that traumatic pseudoaneurysms can be well 159 

depicted in relation to surrounding bony anatomy (Figure 9) and may help in explaining treatment plans 160 

during patient consent for interventional procedures. 161 

 162 

Finally, CR reconstructions have been used by radiologists to accurately identify skin lacerations in stab 163 

injuries and gunshot wound entry points, given that it can accentuate the appearances of raised and 164 

depressed areas36 (Figure 10). This can be achieved by using specific presets available within the 165 

Syngo.via software (Siemens Healthineers, Forcheim, Germany) to give optimal setting for demonstrating 166 

skin, subcutaneous tissue and muscles. Understanding the trajectory and nature of the penetrating 167 
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trauma could potentially help radiologists better identify associated injuries 37. Where medicolegal 168 

proceedings occur, the CR reconstructions again could provide sanitised images for a jury. 169 

 170 

Infection 171 

 172 

CT imaging can be used in the assessment of skeletal abnormalities arising from the sequelae of 173 

infection (e.g. growth disturbances, joint destruction, pathological fractures). In the adult literature CR has 174 

been used to better demonstrate lytic lesions of the skull in the setting of syphilitic osteomyelitis 38. In 175 

children, some of the most challenging post-infective osseous complications can be seen following 176 

meningococcal sepsis (Figure 11) 39. These typically arise secondary to physeal growth arrest in the 177 

limbs, sometimes presenting several years after the acute illness 40. In these cases, CT is commonly 178 

performed for pre-surgical planning 41. CR reconstruction may help to inform the surgical approach and 179 

provide more realistic images for discussion at multidisciplinary team (MDT) meetings, where non-180 

radiologists and allied health professionals may find them easier to comprehend. 181 

 182 

Osseous Tumours 183 

 184 

Typically, a combination of CT and MRI are used in the workup both malignant and benign paediatric 185 

bone tumours. When assessing an exophytic tumour such as an osteochondroma, CR can be particularly 186 

useful to demonstrate the location and appearances of the lesion, as well as the relationship to adjacent 187 

anatomical structures (Figure 12). More aggressive lesions can also be assessed for associated 188 

destructive changes to the surrounding bone and soft tissue (Figure 13).  189 

 190 

In the adult literature, CR has been used to provide realistic 3-D reconstructions for the assessment of 191 

other tumours (e.g. pelvic tumours 42 and chest wall tumours 43), although it is yet unclear whether their 192 

use has helped to improve patient outcomes in the same way that has been reported when using 3-D 193 

printed models. For example, when 3-D printed models of osteosarcomas in adolescents were used, it 194 

was found that there was a reduction in volume of blood loss, operative time and intra-operative radiation 195 
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dose 44 during surgery. It is plausible that CR could provide a similar benefit as 3-D printed models, with 196 

faster post-processing model reconstruction times and at a lower cost (than 3-D printing) – although this 197 

remains to be evaluated in larger comparative trials.  198 

 199 

Potential Pitfalls 200 

 201 

Despite the improved aesthetic appearances of the CR there are clear potential drawbacks in relying on 202 

this technique alone, some of which are similar to the VR technique. These include the potential to ‘mask’ 203 

important findings, either by incorrect windowing or the superimposition of overlying structures 5,33. 204 

Furthermore, where the pathology is subtle or injuries (e.g. fractures) are present without significant 205 

displacement or angulation, they may be easily overlooked and ‘smoothened out’ by the reconstruction 206 

algorithm 29. As such, any 3-D reconstruction (CR and VR) should thus always be reviewed with the 207 

original source material (e.g. axial CT slices)33, as is conventional radiology practice. Care should also be 208 

taken in these circumstances to determine whether the three-dimensional model should be shown at all, 209 

as it could provide false reassurance if the findings are too subtle to demonstrate.  210 

 211 

As with all post-processing software, the quality of the CR reconstruction also depends on the original CT 212 

image quality. Image reconstructions require thin, isovolumetric slices in order to create accurate, non-213 

pixelated and aesthetically pleasing 3-D models. This can result in a longer post-processing times and the 214 

higher computational demand is one main drawbacks of CR (compared to VR). Real-time display of a 215 

rotating CR image is at present limited by the need for repetitive recalculation of complex light paths, 216 

which can take the reconstruction software anywhere from 5 – 30 seconds per rotation. Whilst it may only 217 

take 5 minutes in total per patient to prepare these images, it does limit ‘on-the-go’ reconstructions within 218 

a MDT setting and requires additional preparation time by the radiologist over VR. 219 

 220 

Conclusion 221 

 222 
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In conclusion, cinematic rendering may provide useful 3-D reconstructions for a broad range of paediatric 223 

musculoskeletal pathologies, and could complement or replace other useful but more costly visualization 224 

techniques such as 3-D printing and augmented/virtual reality. Potential benefits of improved visualization 225 

for the patient includes better understanding of complex anatomy and proposed surgical therapies, and 226 

for the clinician, to help surgical planning and improved patient communication around consent including 227 

communication in a multidisciplinary team setting. Whilst the diagnostic value offered by CR may not 228 

necessarily be superior to those of VR for the radiologist in many cases, better anatomical understanding 229 

and visualisation could translate into improved patient outcomes (e.g. by adherence to a treatment plan 230 

by the patient, or better comprehension of the images by surgeons leading to better operative decision-231 

making). The translation from improved image reconstruction with CR into better patient care is yet to be 232 

evaluated, however in the current absence of available use-cases within the literature, this article has 233 

shown a variety of possibilities that could be further explored for future paediatric radiology research. 234 

 235 

  236 
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FIGURE LEGENDS 237 

 238 

Figure 1: 239 

A 9-year-old boy with talocalcaneal coalition of the right foot. (a) VR and (b) CR reconstruction lateral 240 

views, generated from the child’s presenting CT. There is osseous bridging between the middle facet of 241 

the calcaneus and the inferomedial talus, with an associated irregular appearance to the articular 242 

surfaces (arrows). The pathology is well demonstrated by both rendering techniques, but a more 243 

photorealistic version is provided by CR.  244 

 245 

Figure 2: 246 

A 10-month-old girl with developmental dysplasia of the left hip. Previously treated with operative open 247 

reduction of the dislocated left hip, and placed in a spica. A CT pelvis was performed to confirm femoral 248 

head relocation and plan for further surgery. (a) VR and (b) CR reconstruction of the pelvis shows that 249 

both femoral heads are enlocated, however the left capital femoral epiphysis (arrow) is significantly 250 

smaller than the right, and the left acetabular roof (dashed arrow) remains shallow. The patient 251 

subsequently underwent a left innominate osteotomy and femoral derotational osteotomy. The CR image 252 

provides a more visually appealing example of the bony anatomy for potential clinician and parental 253 

discussions in clinic. This can help aid understanding and be used in the pre-surgical consenting process. 254 

 255 

Figure 3: 256 

A 7-year-old girl with previous reconstructive surgery for right sided developmental dysplasia of the hip. 257 

(a) Plain radiography of the pelvis demonstrates remodelling of the right ilium (arrow) with lateral 258 

uncovering of the right proximal femoral epiphysis (dashed arrow). (b) VR and (c) CR reconstruction of a 259 

CT pelvis performed at follow-up shows how the right femoral head is mildly subluxed with lateral 260 

uncovering. The right femoral head is incompletely reconstructed on VR, whereas it is better presented 261 

with CR. This three-dimensional model may enable the patient to better understand why they experience 262 

hip pain with certain movements and can help in discussions with the orthopaedic surgeons and 263 
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physiotherapists regarding what procedures or exercises may help in the patient’s longer term 264 

rehabilitation. 265 

 266 

Figure 4: 267 

A 12-year-old boy with Morquio syndrome. A CT thorax was performed for breathing and suspected 268 

airway difficulties, however (a, b, c) VR and (d, e, f) CR reconstruction of the rib cage (a, d) and spine (b, 269 

c, e, f) demonstrate many of the characteristic musculoskeletal features of the underlying 270 

mucopolysaccharidosis. (a, b) The views of the rib cage demonstrate irregular proximal humeral 271 

metaphyses (solid arrow) and widened ‘oar-like’ rib appearances (dashed arrows). (b, e) The lateral views 272 

of the spine demonstrate widespread platyspondyly with anterior beaking of the thoracolumbar vertebral 273 

bodies (arrows) and (c, f) mid-thoracic scoliosis (white brackets). These images would serve as an 274 

excellent example in radiology teaching, demonstrating many characteristic appearances of this rare 275 

disease entity. 276 

 277 

Figure 5: 278 

A 2-year-old girl with Sprengel deformity. A CT thorax was performed to better assess underlying 279 

congenital tracheal stenosis, however the musculoskeletal anomalies are well depicted on 3D rendering. 280 

(a, b) VR and (c, d) CR reconstructions reveal an elevated right scapula (solid arrow) and omovertebral 281 

bar (dashed arrows). Note is also made of a hypoplastic right 4th rib and posterior vertebral segmentation 282 

anomalies of the lower cervical and upper thoracic spine. Better ‘photorealism’ and depth perception is 283 

offered by the CR reconstructions. 284 

 285 

Figure 6: 286 

A post-mortem CT study was performed on a 5-year-old boy following a fall from a height. (a) VR and (b) 287 

CR reconstruction of the skull demonstrates numerous fractures, including those of the right frontal bone 288 

(black arrow), left parieto-occipital bone (white arrow), right mandible (dashed arrow) as well as bilateral 289 

zygomatic fractures. These three-dimensional images are better suited for demonstrating injury patterns 290 
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to a jury for potential medico-legal proceedings, however care should be also taken to point out other 291 

non-displaced fractures where relevant, as these may not always be easily demonstrated on VR or CR. 292 

 293 

Figure 7: 294 

A 2-year-old girl with several healing rib fractures admitted with unexplained loss of consciousness. (a) 295 

VR and (b) CR reconstructions of the ribcage from a CT thorax demonstrate several left sided rib 296 

fractures with callus formation (solid arrows), a right scapula fracture with callus (arrowhead) and a left 297 

sided 4th rib fracture without callus formation. Underlying findings raised concerns for suspected physical 298 

abuse. The CR image demonstrates the callus formation on the ribs in a more realistic manner than the 299 

VR, although the right scapula fracture is better highlighted with the VR. 300 

 301 

Figure 8: 302 

An 11-year-old boy with acute ankle trauma after a skiing accident. (a, b) VR and (c, d) CR 303 

reconstructions from the CT ankle demonstrate a Salter Harris type 2 injury of the distal tibia with 304 

transverse distal metaphyseal impacted tibial fracture (sold arrow). There is also a subtle greenstick 305 

fracture of the distal fibula (dashed arrow) which is less apparent on these models, and therefore a 306 

potential pitfall if only relying on the CR/VR to detect all injuries. The multiplanar imaging should always 307 

be reviewed in addition to the models provided. 308 

 309 

Figure 9: 310 

A 4-year-old boy post laceration injury to the leg. (a) Maximum intensity projection (MIP) images of a CT 311 

angiogram of the right leg demonstrates two large pseudoaneurysm arising from the anterior tibial artery 312 

(arrows). (b) VR and (c ) CR reconstructions with soft tissue overlay of the right leg demonstrate the 313 

relationship of these pseudoaneurysms to the adjacent tibia and fibula bones. This relationship is better 314 

depicted with the CR model, as the muscle, bone and vasculature are well differentiated from each other. 315 

 316 

Figure 10: 317 
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A post-mortem CT performed on a 2-month-old boy with gunshot wounds to the head. By using different 318 

post-processing rendering settings with CR it is possible to reconstruct the (a) surface skin rendering, (b) 319 

subcutaneous fat layer, (c) the cartilaginous and internal soft tissue density appearances and (d) only 320 

bony densities. Multiple skull fractures and residual shrapnel fragments are demonstrated. Using CR may 321 

provide ‘sanitised images’ for medicolegal proceedings and also prove helpful in reducing metallic artefact 322 

from shrapnel, to better demonstrate the fracture fragments.  323 

 324 

Figure 11: 325 

A 3-year-old boy with history of meningococcal septicaemia, with resultant bone infarction, fracture and 326 

bony non-union. (a, c) VR and (b, d) CR reconstructions of the right forearm were performed after CT for 327 

presurgical planning. They are shown in coronal (a,b) and sagittal (c, d) reconstruction planes. There is 328 

an angulated distal radial (solid arrow) and distal ulnar (dashed arrow) pseudoarthrosis. No callus 329 

formation is present. Both models provide similar detail of the relevant pathologies, however the shading 330 

correction of the CR model appears more realistic. 331 

 332 

Figure 12: 333 

A 13-year-old girl with hereditary multiple exostoses. CT of the right forearm was performed to guide 334 

surgical removal of the exostoses. (a), (b) Frontal and (c), (d) lateral views of the right forearm are 335 

demonstrated in both CR (a, c) and VR (b, d). These demonstrate several exostoses at the distal ulna 336 

and distal radius (arrows), with distal radial bowing (dashed arrows) and associated  radio-capitellar 337 

subluxation (arrowhead). Both models provide similar detail of the relevant pathologies, however the 338 

shading correction of the CR model appears more realistic. 339 

  340 

Figure 13: 341 

A 5-day old female patient with mesenchymal hamartoma of the chest wall (a) The admission chest 342 

radiograph demonstrates a left sided chest wall deformity (arrow). (b) VR and (c) CR reconstructions from 343 

the subsequent CT thorax better characterise the underlying left sided chest wall mass and rib expansion 344 

(arrow), with additional left 12th rib anomaly (dashed arrow). The individual ribs and chest wall lesions are 345 
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better located with the CR model, given the improved depth perception. This helps define the largest rib 346 

lesion as being along the posterior left chest wall, which is less apparent with the VR model example.  347 
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