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ABSTRACT 

This report concerns a 67 year old male patient with known advanced 

relapsing polychondritis complicated by tracheobronchial chondromalacia 

who is increasingly symptomatic and therapeutic options such as 

tracheostomy and stenting procedures are being considered. The DICOM 

files from the patient's dynamic chest CT in its inspiratory and expiratory 

phases were used to generate stereolithography (STL) files and hence print 

out 3-D models of the patient's trachea and central airways. The 4 full-sized 

models allowed better understanding of the extent and location of any 

stenosis or malacic change and should aid any planned future stenting 

procedures. The future possibility of using the models as scaffolding to 

generate a new cartilaginous upper airway using regenerative medical 

techniques is also discussed. 

 

CASE REPORT 
 

 

  

 

In the two decades prior to diagnosis, the patient suffered 

several complaints which were dealt with in isolation - cardiac 

arrhythmias, vertigo and deafness (attributed to benign 

positional paroxysmal vertigo), intermittent painful ears. At 

the age of 63, he presented with an acute confusional state 

associated with a headache, complete lower motor neurone 

facial palsy, shortness of breath and pain and erythema of the 

pinna. On this admission, a clinical diagnosis of relapsing 

polychondritis (RP) was made with the mental status change 

ascribed to limbic encephalopathy. A dynamic chest CT 

demonstrated tracheobronchial malacia (Figure 1 and Figure 

2). Initial respiratory function tests were within normal limits. 

He received high dose intravenous steroids and 

cyclophosphamide with improvement. Multiple relapses 

occurred which were treated with immunosuppressants and 

immunomodulators including glucocorticoids variously in 

combination with cyclophosphamide, methotrexate, rituximab, 

infliximab, azathioprine, mycophenolate mofetil and 

leflunomide. 

 

CASE REPORT 



 

Radiology Case. 2013 Aug; 7(8):34-43 

Technical/IT & Innovative:  3-D printouts of the tracheobronchial tree generated from CT images as an aid to management  
                                              in a case of tracheobronchial chondromalacia caused by relapsing polychondritis 

Tam et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

35 

However, the symptoms of breathlessness have gradually 

worsened despite the lack of change in his respiratory function 

tests, and the patient was keen for intervention. Decision was 

made to use the DICOM files from the dynamic CT to produce 

inspiratory and expiratory 3-D models of the trachea and 

central airways as proof of principle to determine whether they 

could aid some form of tracheobronchial intervention in the 

future. The air was segmented to create negative models of the 

air within the airway using methods we have previously 

described [1] and plaster models printed (Figure 3, Figure 4) 

(on this occasion treating the air in the airway as a target) and 

the segmentation was then processed using Tomomask 

(www.tomomask.com) to allow a cast of the airway to also be 

printed (Figure 5). The hollow versions were created by firstly 

making a mask to fill the interior of the trachea. The mask was 

then dilated in 3D using an oblate spheroidal structuring 

element with a radius of 5 pixels in the x & y plane and 3 

pixels in the z plane. With the pixel spacing of 0.65625 mm 

and the slice spacing of 1 mm, this produced a dilatation 

(thickness) of approximately 3 mm (Figure 5). The interior 

mask was then subtracted from the dilated version to form a 

hollow shell with a 3 mm wall thickness. 

 

 

 

  

 

Relapsing polychondritis (RP) is a rare auto-immune 

disease with an incidence of less than 1 per million [2-6]. As 

the name suggests it tends to run a relapsing clinical course in 

which cartilage-containing structures (elastic, hyaline or 

fibrous) may be affected as indeed may structures containing 

mucopolysaccharides such as the eye and blood vessels [2-6]. 

Because of its rarity, relapsing nature and diverse clinical 

manifestations the diagnosis can be delayed by many years[2-

6]. The commonest cause of death in RP relates to pulmonary 

complications and infection[2-6]. 

 

We report a case of RP in which the diagnosis was not 

made for many years that is now complicated by advanced 

tracheobronchial chondromalacia and endobronchial stenting 

is being considered.  

 

The radiological literature concerning both normal and 

abnormal appearances of the trachea and central bronchi plus 

that specifically pertaining to RP is well-described. Airway 

involvement may be seen in 10% of cases of RP at 

presentation and can occur in up to 50% of patients and 

include fixed airway narrowing, wall thickening and 

calcifications. Smooth thickening of the anterior and lateral 

walls with sparing of the posterior membranous wall is 

characteristic and increased attenuation of the airway is the 

commonest sign [7-14]. There is now general consensus that 

patients with RP who have respiratory symptoms should have 

a chest CT in both full expiration as well as full inspiration as 

at least 50% of abnormalities are functional (particularly 

malacia and air trapping) and will be missed  if only an 

inspiratory chest CT is carried out [11,12]. 

 

Early aggressive treatment may prevent irreversible 

cartilage destruction and there is a role for stenting in RP and 

the site, severity and length of any strictures should be 

evaluated prior to intervention [15]. Imaging techniques are 

important to aid in the visualisation of anatomy and pathology 

and simple reformatted images may aid with 3-D visualization 

of focal stenosis. However, in complex cases where there is 

diffuse airway involvement or dynamic changes, our model 

may be particularly important in aiding procedure planning. 

Choice of stent size would be challenging, and the broadening 

and flattening of the airways in expiration is particularly 

striking when the physical models are held in the hand. 

 

Rapid prototyping technology or, as it is now becoming 

better known, 3-D printing is becoming increasingly common 

place worldwide. A range of 3-D printing machines are 

available including the simplest 3-D printers costing around 

$1000, desktop size printers capable of high quality relatively 

small prints and large complex commercial printers capable of 

printing models using multiple materials (including plastics 

and metals), which cost in excess of $250,000. One might elect 

to have a 3-D printing company perform the actual printing of 

STL files sent to them or alternatively purchase a 3-D printer 

for one's own unit or hospital. Many 3-D printing online 

services impose restrictions on the types of models that can be 

printed such as a restriction on the overall file size. Other cost 

and technical considerations that will need to be considered in 

the future include demand, 'turn-around time', print size, the 

cost and type(s) of printing material used and the time required 

to perform the printing itself. 

 

Some of the possible uses of 3-D models created from CT 

scans has recently been reviewed and includes roles in 

education, communication, procedure planning and medical 

device creation [16] but as far as we are aware, this technique 

has not been used to plan tracheal or bronchial stenting 

procedures in RP. Rapid prototyping has been used to print out 

models of normal airways which allowed assessment of flow 

patterns in the hollow cast [17]. The full-size 3-D models we 

have created will aid planning of stent location and size, of 

particular importance where stent migration is a well-

recognized complication. The hollow cast could allow testing 

of stents and sealing zones. Related technology is used in a 

range of regenerative medicine applications. In particular 

Computer-Assisted Manufacture (CAM) can be used to 

produce scaffolds for tissue repair [18] and careful choice of 

materials can directly control cell identity and function [19]. 

The solid model could also be used as a scaffold for any 

potential cartilage regenerative treatments such as in-vitro 

cartilage engineering to produce novel and bespoke implants. 

 

 

 

 

 

3D model of the tracheobronchial tree produced by rapid 

prototyping of CT images can aid surgical or interventional 

planning as well as facilitate education and patient 

understanding. They could also conceivably be used as a 

scaffold or a scaffold design aid for in vitro cartilage 

engineering in the preparation of novel and bespoke implants. 

 

 

DISCUSSION 

TEACHING POINT 



 

Radiology Case. 2013 Aug; 7(8):34-43 

Technical/IT & Innovative:  3-D printouts of the tracheobronchial tree generated from CT images as an aid to management  
                                              in a case of tracheobronchial chondromalacia caused by relapsing polychondritis 

Tam et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

36 

 

 

1. Tam MD, Laycock S, Bell G D, Chojnowski A: 2012 3-D 

printout of a DICOM to aid surgical planning in a 6year old 

patient with a large scapular osteochondroma complicating 

congenital diaphyseal aclasia. Radiological Case 

Jan;6(1):31-37. PMID: 22690278 

 

2. McAdam IP, O'Hanlan MA, Bluestone R, Pearson CM. 

Relapsing polychondritis: prospective study of 23 patients 

and a review of the literature. Medicine(Baltimore). 

1976;55:193-215. PMID: 775252 

 

3. Zeuner M, Straub RH, Rauh G,Albert ED, Scholmerich J, 

Lang B. Relapsing Polychondritis: Clinical and 

Immunogenetic Analysis of 62 patients. J, Rheumatol. 

1997;24:96-101. PMID: 9002018 

 

4. Michet CJ, McKenna CH, Luthra HS, O'Fallon WD. 

Relapsing Polychondritis : Survival and predictive Role of 

Early Disease Manifestations. Annals of Internal Medicine. 

1986;104:74-78. PMID: 3484422 

 

5. Trentham DE, Le CH. Relapsing Polychondritis. Ann Intern 

Med. 1998;129:114-122. PMID: 9669970 

 

6. Kent PD, Michet CJ, Luthra H. Relapsing Polychondritis. 

Curr Opin Rheumatol. 2004;16:56-61. PMID: 14673390 

 

7. Kim JS, Muller NL, Park CS, Grenier P, Herold CJ. 

Cylindrical Bronchiectasis: Diagnostic Finding on Thin-

Section CT. AJR 1997;168: 751-754. PMID:9057529 

 

8. Webb EM, Elicker BM, Webb RW. Using CT to Diagnose 

Nonneoplastic Tracheal Abnormalities: Appearance of the 

tracheal Wall. AJR. 2000;174:1315-1321. PMID:10789785 

 

9. Maron EM, Goodman PC, McAdams HP. Diffuse 

abnormalities of the Trachea and Main Bronchi. AJR. 

2001;176:713-717. PMID: 11222211 

 

10. Maron EM, Goodman PC, McAdams HP. Focal 

abnormalities of the Trachea and Main Bronchi. AJR. 

2001;176:707-711. PMID: 8352096 

 

11. Behar JV, Choi Y-W, Hartman TA, Allen NB, McAdams 

HP. Relapsing Polychondritis Affecting the Lower 

Respiratory Tract. AJR. 2002;178:173-177. PMID: 1176115 

 

12. Lee KS, Ernst A, Trentham DE, Feller-Kopman PM. 

Relapsing Polychondritis: Prevalence of Expiratory CT 

Airways Abnormalities. Radiology. 2006;240: 565-573. 

 

13. Tillie-Leblond I, Wallaert B, Leblond D, Salez F, Perez T, 

Remy-Jardin M, Vanhille P, Brouillard M, Marquette C, 

Tonnel AB. Respiratory Involvement in Relapsing 

Polychondritis: Clinical Functional, Endoscopic and 

Radiographic Evaluations. Medicine 1998;77:168-176. 

PMID: 16801364 

 

14. Davis SD, Berkmen YM,King T. Peripheral Bronchial 

Involvement in Relapsing Polychondritis: Demonstration by 

Thin-Section CT. AJR. 1989;153:953-954. PMID: 2801442 

 

15. Shin JH, Song HY, Shim TS. Management of 

tracheobronchial strictures. Cardiovascular and 

Interventional Radiology. 2004;27:314-324. PMID: 

15346205 

 

16. Esses SJ, Berman P, Bloom AI, Sosna J. Clinical 

Applications of Physical 3D Models derived from MDCT 

Data and Created by Rapid Prototyping. 

AJR.2011;196:W683-W688. PMID: 21606254 

 

17. Giesel FL, Mehndiratta A, von Tengg-Kobligh H, 

Schaeffer A, Teh K, Hoffman EA, Kauczor HU, van Beek 

EJ, Wild JM. Rapid prototyping raw models on the basis of 

high resolution computed tomography lung data for 

respiratory flow dynamics. Acad Radiol. 2009;16(4):495-

498. PMID:19268862 

 

18. Junegbluth P, Moll G, Baiguera S, Macchiarini P. Tissue-

engineered airway: a regenerative solution. Clin Pharmacol 

Ther. 2012;91(1):81-93 PMID: 22130120 

 

19. Cameron K, Travers P, Chander C, Buckland T, Campion 

C, Noble B. Directed osteogenic differentiation of human 

mesenchymal stem/precursor cells on silicate substituted 

calcium phosphate.  J Biomed Mater Res A. 2012 Jun 26 

[Epub]. PMID: 22733430 

 

20. Prince JS, Duhamel DR, Levin D, Harrell JH, Friedman 

PJ. Nonneoplastic Lesions of the Tracheobronchial wall: 

Radiologic Findings with Bronchoscopic Correlation. 

Radiographics. 2002;22:S215-230. PMID: 12376612 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 



 

Radiology Case. 2013 Aug; 7(8):34-43 

Technical/IT & Innovative:  3-D printouts of the tracheobronchial tree generated from CT images as an aid to management  
                                              in a case of tracheobronchial chondromalacia caused by relapsing polychondritis 

Tam et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

37 

 
 

Figure 1: 67 year old man with known relapsing polychondritis. Images demonstrate an apparently normal CT chest. Axial 

contrast enhanced CT  of the chest in arterial phase taken in inspiration. The trachea (yellow arrow), carina (red arrow) and 

bronchus intermedius (green arrow) are demonstrated in (a), (b) and (c) respectively, with a virtual bronchoscopy rendered 

image (looking down onto the carina) demonstrating normal airway appearances (d). (Protocol: Siemens 64 slice CT, slice 

thickness 1 mm, kVp 120, mAs 110). 
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Figure 2: 67 year old man with extensive collapse of the airways due to chondromalacia secondary to relapsing polychondritis 

on unenhanced dynamic expiratory CT. The proximal trachea is normal (yellow arrow) but there is marked bowing of the 

posterior wall of the lower trachea (also known as the "frown" sign) and carina (red arrow) and further significant collapse of 

the bronchus intermedius (green arrow) is demonstrated in panes (a), (b) and (c), with a virtual bronchoscopic view looking 

down toward the carina showing significant airway collapse (d). (Protocol: 64 slice CT, slice thickness 1 mm, kVp 120, mAs 

106). 
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Figure 3: 67 year old man with known relapsing polychondritis. Presentation of STL files rendered from DICOM CT. Views 

of the tracheobronchial tree are presented as follows -anterior inspiratory (top left), anterior expiratory (top right), posterior 

expiratory (bottom left) and posterior inspiratory (bottom right). 
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Figure 4: Photographs of 3-D printed models of the tracheobronchial tree of a 67 year old man with known relapsing 

polychondritis. Top row: anterior and posterior views of the inspiratory phase; bottom row: anterior and posterior views in 

expiration. Again, note the expiratory airway collapse. 
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Figure 5: 67 year old man with known relapsing polychondritis. Photographs of the hollow 3d printed models. The hollow 

cast of the expiratory airway is demonstrated and internal access with a wire is shown. 
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Etiology:   Recurrent inflammation and destruction of cartilage? autoimmune 

Incidence:   1 in 3.5 million 

Gender ratio:   1:1 

Age predilection: Average age at diagnosis is 47 years, peak prevalence is 40 to 60 years, but non-specific 

symptoms can be present for years prior to diagnosis 

Risk factors:  N/A 

Treatment:  Immunosuppressants, tracheobronchial stenting 

Prognosis: Relapsing course, death from pulmonary complications or infective complications 

 

 

Imaging findings: 

 

CT head Thickened pinna and cartilage of the external auditory meatus 

 

CT chest Can be normal, so inspiratory and expiratory phases are warranted 

  

Increased attenuation of tracheal wall (compared to mediastinal soft tissue) 

 

Airway wall calcifications 

 

Focal airway strictures 

 

 Thickening of airway wall *posterior membranous wall often spared 

  

 50% of patients with RP will develop respiratory complications 

 

 In cases of known RP, 70% may have tracheal wall thickening 

 Diffuse wall thickening occurs more commonly than nodular/focal changes 

 

 Tracheal stenosis is present in up to 15% 

 

 Air trapping on expiratory scans in 50% 

 

 Associated cylindrical bronchiectasis 

 

Can also affect peripheral joints, nasal cartilage, laryngeal cartilage, uveal inflammation and aortitis and aortic root dilatation 

 

Table 1: Summary table for Relapsing Polychondritis (RP) 

 Amyloidosis (often circumferential) 

 Sarcoidosis (often circumferential) 

 Wegener’s granulomatosis (often circumferential) 

 Tuberculosis, histoplasmosis,  

 Tracheopathia osteochondroplastica (idiopathic 

multiple submucosal calcified nodules) 

 Rhinoscleroma (granulomatous infection) 

 Laryngeal papillomatosis (viral) [20] 

 

Table 2: Differential diagnosis table for airway thickening 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Radiology Case. 2013 Aug; 7(8):34-43 

Technical/IT & Innovative:  3-D printouts of the tracheobronchial tree generated from CT images as an aid to management  
                                              in a case of tracheobronchial chondromalacia caused by relapsing polychondritis 

Tam et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

43 

Malignant  Primary airway tumour – scc, adenoid cystic carcinoma 

 Bronchogenic carcinoma 

 Oesophageal or thyroid carcinoma 

 Airway metastases (e.g. renal cell carcinoma or colon cancer) 

 

Benign  Post-intubation / post-tracheostomy 

 Inflammatory – TB, post-infectious 

 Anastomotic – lung transplantation, sleeve resection 

 Tracheobronchomalacia 

 Congenital tracheal stenosis 

 Compression by oesophageal stent 

 

Table 3: Differential diagnosis table for airway stenosis 

 

 

 

 

 

 

 

 

 

DICOM = Digital Communications in Medicine 

RP = relapsing polychondritis 

 

 

 

 
 

Rapid prototyping; DICOM; STL; 3D printing; 3D modeling; 

relapsing polychondritis; tracheobronchomalacia 
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