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Case Report: Pediatric alloplastic
nose reconstruction with a 3D
printed patient specific titanium
implant
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Maarten De Jong’® and Renaat Coopman'

'Department of Plastic and Reconstructive Surgery, Division of Oral and Maxillofacial Surgery,
Ghent University Hospital, Ghent, Belgium, 2Department of Biomedical Engineering, Swiss MAM
Research Group, University of Basel, Allschwil, Switzerland, *Anaplastologist, Maastricht University
Medical Center+, Maastricht, Netherlands

An 1l-year-old girl presented at the emergency service with a nasal defect
caused by a dog bite in the midface. Autologous nose reconstruction in the
pediatric population is challenging due to donor site morbidity and remaining
facial growth. Temporary prosthetic treatment is difficult to accept due to
problems with retention. We present an innovative solution using a 3D printed
patient specific titanium implant for support of a nasal prosthesis. With
preoperative 3-dimensional planning, the implant can be designed to find
fixation in the areas with the best bone quality, avoid potential damage to
tooth buds and dental roots and avoid interference to soft tissues such as the
nasal septum. Clear communication between the anaplastologist, surgeon and
medical engineer is crucial for treatment success. The impact of facial growth
is still unclear and will have to be assessed.
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1 Introduction

Nasal defects can be caused by oncologic resections, congenital deformities, or
traumatic injuries. In the adult population, there are several autologous and prosthetic
reconstructive options which have been well described in literature (1-3). In the
pediatric population on the other hand, treatment options are limited due to
considerations of the remaining facial growth and donor site morbidity (4-6).
Autologous reconstruction is complex, requires multiple surgeries and necessitates
special expertise. More so, the donor site has significant morbidity, and the long
treatment time can result in an important psychosocial burden (4, 7). Prosthetic
treatment with adhesives results in a shorter treatment time and fast return to society
and social life. However, this type of treatment is less accepted due to loosening of the
prosthesis during activities, potential allergic reactions, and frequent renewals due to
wear (2, 8, 9). Endosseous fixation for retention of the prosthesis has resolved many of
the issues encountered with adhesive retained prosthesis (2, 8, 10) but has rarely been
used in the pediatric population due to the presence of teeth buds, dental roots, and the
remaining facial growth. The report adheres to the tenets of the Declaration of Helsinki.
Written informed consent of the patient was obtained.
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FIGURE 1

(A) Initial presentation after traumatic nasal avulsion; (B) immediate microvascular reattachment of the avulsed tissue; (C) necrosis of the avulsed tissue,
1 week after anastomosis; (D) situation after removal of the necrotized tissue.

2 Case presentation

An 11-year-old female patient in good general health was admitted
to the emergency service of a level I trauma center with an avulsed
nose and extensive lacerations on the upper left arm after a canine
attack. She had no known allergies, no relevant medical history and
was fully vaccinated as recommended by the health care authorities.

At the emergency service, intravenous antibiotic prophylaxis
with 1g amoxicillin, 100 mg clavulanic acid and 800 mg
paracetamol was administered. She was immediately transferred to
the operating room to debride and cleanse the wound. An attempt
was made to reattach and revascularize the avulsed tissue through
vascular microanastomosis at the columella (columellar branches of
the superior labial artery of the facial artery). Unfortunately, no
vessels of sufficient quality could be found on the avulsed segment,
due to the small size and the tearing nature of the trauma. Multiple
attempts to perform an arterial microvascular anastomosis did not
show any perfusion. The segment was reattached as a composite
graft and covered with a protective dressing. Eleven days later, the
tissue necrotized and had to be removed (Figure 1).

Two weeks after the incident, the reconstructive options were
discussed with the patient and her
reconstruction was denied due to donor site morbidity, long

parents. Autologous
treatment time and unpredictable long-term results. To avoid
damage to the tooth buds an adhesive retained nasal prosthesis
was preferred over endosseous fixation with implants. Albeit the

aesthetic result was excellent, the prosthesis loosened during
sport and social activities. It was then decided to search for
osseous fixation by using a patient specific implant (PSI).

2.1 Following aspects were considered
during the design of the implant

- Preserve as many of the remaining soft tissue as possible, to
allow the possibility for an autologous reconstruction after
completion of facial growth.

- Avoid tooth buds and dental roots, especially the upper canines that
are positioned paranasal at this age. Conventional endosseous
implants in the nasal floor could damage the dental apices.

- The bone supported Epi-plate system finds paranasal support
and can be bent around the septum. However, the septum is
prominent in this case leaving less space for the prosthesis
and complicating cleaning of the support structure.

- We assumed that four fixation screws on each side would be
sufficient to achieve long-term stability.

- Prevent rotational movements of the prosthesis and assure only
one possible prosthetic position. Therefore, three 2 mm diameter
round bars were designed for fixation. Priority was given to clip
attachments instead of magnets because of their compact size.

- Provide enough prosthetic space to facilitate the creation of an
aesthetic prosthesis.

- Facilitate easy cleaning of the PSL

FIGURE 2

(A) Virtual planning of the patient specific implant in frontal view. (B) Position of the PSI with surrounding soft tissue mask in frontal view. (C) PSI with
fitted retention clips. (D) 3D printed titanium patient specific implant (CADskills bv, Gent, Belgium).
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FIGURE 3

Follow-up 5 months postoperative. (A) 3D reconstruction of the postoperative computed tomography (CT) scan with the patient specific implant (PSI)
in place. (B) Clinical picture of the patient with the PSI in place. (C) Axial view of the postoperative CT-scan indicating a close position of the
osteosynthesis screws to the root of the canine teeth. (D) Clinical picture of the patient with the nasal prosthesis fixed to the PSI.

During this phase, communication between the anaplastologist,
surgeon and medical engineer is essential for a good outcome.
Aside from the important surgical aspects, the position of the
PSI is crucial for the final prosthetic result (Figure 2).

2.2 Surgical placement of the PSI

Approximately 1 year after the trauma, the patient specific
implant was placed under general anesthesia. The original scar

FIGURE 4
Follow-up 18 months postoperative. Clinical picture demonstrating
growth of the nasal septum towards the PSI.
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on the transition of nasal mucosa and skin was used for surgical
access. After careful dissection the periosteum was incised, and
the paranasal bone visualized. Approximately two millimeters of
septal cartilage had to be removed to achieve perfect seating of
the PSL. The PSI was fixed with 4 self-tapping screws of 1.5 X%
5.0mm on each side (KLS Martin, Tuttlingen, Germany). The
mucosa was closed with resorbable interrupted sutures and the
skin with nylon interrupted sutures. Post-operative wound care
consisted of daily application of antibiotic ointment on the
surgical with amoxicillin
clavulanic acid 1g/100 mg 4 times daily for 24h, and pain

site, oral antibiotic prophylaxis

control with weight adjusted paracetamol and ibuprofen.

2.3 Postoperative follow-up and evaluation
of the result

Post-operative computed tomography imaging showed a good
seating of the patient specific implant on the paranasal bone
without damage to the dental roots (Figure 3). Compared to the
preoperative planning the implant was placed too low. Two
months after surgery the prosthesis could be fixed on the PSI
with good retention and aesthetics. The patient has had no
complaints and no signs of infection or irritation. Follow-up for
18 months has been uneventful, however we now see contact of
the nasal septum with the PSI (Figure 4).
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3 Discussion

defects in the
are difficult to treat. In the acute setting the wounds should
be cleaned and debrided (11-13). Antibiotics, rabies and
tetanus

Traumatic nasal pediatric  population

prophylaxis need to be administered if the
vaccination status of the animal is unknown or is unable to
be observed (14-16). If the amputated nose is present and in
good shape, microvascular reattachment should be attempted
(17, 18). Bite
difficulties, due to soft tissue tearing, crush trauma and risk
of infection (11, 18-20).

Unfortunately, in this case the reattached tissue necrotized

traumas present several reconstructive

and had to be removed. In the adult population, autologous
reconstructive options for nasal avulsion have been extensively
documented in the literature, such as the commonly used
paramedian forehead flap or the auricular flap (21). Nasal
reconstruction in children is scarcely documented. It is advised
to perform the surgery as in the adult population, preferably
after the age of 10. Corrective surgeries at a later age are often
necessary (22). Another alternative is the Washio retroauricular
flap as the donor site is hidden and popular flaps such as the
paramedian forehead flap can still be used at a later stage (23).
This technique requires a two-stage approach. Autologous
reconstruction in children is due to the inability of own tissue
to age and evolve with the patient unpredictable. Combined
with the morbidity of the donor site and the necessity of two
surgeries, this solution was not preferred by the parents (24).
The evaluation of children as potential candidates for
VCA for facial reconstruction has already been commented
by many leaders in VCA, psychologists and psychiatrists,
researchers. There are

ethicists, and many barriers

precluding inclusion of pediatric patients as potential
candidates: the difficulty of establishing at which age a child
might be aware of the procedure implications, parents’ right
to give consent, psychological issues and whether VCA is
worth the tradeoff for a better, but shorter life as they
would face the complications associated with life-long
immunosuppression (25).

Nasal reconstruction with an adhesive prosthesis is a viable and
elegant option as it provides a fast and esthetically pleasing
solution. It can be perceived as a temporary solution before
definite autologous reconstruction is performed. It does however
not provide comfort during function as the prosthesis loosens
easily. More so, allergic reactions on the adhesives have been
reported. In this case the adhesive retained prosthesis was
aesthetically pleasing but was not accepted by the child as it
loosened during social activities.

Endosseous implant retained nasal prosthesis can overcome the
above-mentioned disadvantages, but the classic implant positions
in the nasal floor could damage the tooth buds. Implantation in
the glabella would result in a new scar and tissue loss, and would
also result in less prosthetic space hindering the creation of an

elegant prosthesis.
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To circumvent the limitations stated above, a patient specific
titanium implant was designed, and 3D printed. During
this phase, communication between the anaplastologist, surgeon
and medical engineer is essential for a successful result.
There needs to be enough fixation in the bone to withstand the
forces of the prosthesis, thereby avoiding any interference with
the tooth buds and the nasal septum. Prosthetically there needs
to be enough space to create the nasal prosthesis and to be
able to clean the implant. And for the patient it should be
easy to place and remove the prosthesis and clean the peri-
implant tissue.

During surgery it was difficult to assess the correct position of
the implant because the contact area of the feet of the PSI and the
bone is limited. The implant was placed too low compared to our
preoperative planning. We suggest using a surgical guide or
intraoperative navigation to position the implant correctly.
During surgery 2 mm of septal cartilage had to be removed.
Possibly the interference was caused by the lower position of the
implant or growth of the septum as the preoperative CT scan
was made 12 months before the day of the surgery.

Eighteen months after surgery, the patient reports no signs of
infection or pain after surgery. She finds it easy to remove and
place the prosthesis and sometimes even forgets to wear it.
Cleaning poses a challenge, especially behind the arms emerging
from the paranasal skin. Retention of the prosthesis is excellent
during social activities and sports. Overall, her experience reflects
a positive adaptation to the prosthesis.

This eleven-year-old patient is not yet fully grown. As
described in literature the remaining growth of the female
midface at that age is expected to be around 9%. The growth of
the female nasal septum and nose is expected to be completed at
16 years of age (26, 27). During follow-up the nasal septum has
grown towards and partially around the titanium implant. We
assume that the prosthesis will block further growth of the nasal
septum. However as soon as the patient complains of tissue
interference or problems with prosthesis positioning it might be
necessary to remove part of the nasal septum or create a new
patient specific implant. The prosthesis will need to be adjusted
conform her age. Frequent follow-up appointments are necessary
to further assess any interference of the PSI with the soft tissues
and to assist in cleaning the interface of the soft tissue and the
PSI. When the patient is outgrown, autologous reconstruction
will still be possible as the implant can easily be removed
without sacrificing soft tissue.

An important disadvantage of this treatment option is the
financial impact for the patient. The health insurance in Belgium
does not reimburse the PSI.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1330889
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Ureel et al.

Ethics statement

Ethical approval for this case report was obtained from the
Ghent University Ethics Committee (CR-2024-0009). Written
informed consent for participation in this study was provided by
the participants’ legal guardians/next of kin. Written informed
consent was obtained from the minor(s)’ legal guardian/next of
kin for the publication of any potentially identifiable images or
data included in this article.

Author contributions

MU: Methodology,
Project administration, Visualization, Writing - original draft,

Conceptualization, Investigation,

Writing - review & editing. DD: Conceptualization,

Investigation, Writing - original draft. ND: Writing - review
& editing. MD: Methodology, Software, Visualization, Writing
- review & editing. RC: Software, Supervision, Writing -
review & editing.

References

1. Rohrich RJ, Griffin JR, Ansari M, Beran SJ, Potter JK. Nasal reconstruction—
beyond aesthetic subunits: a 15-year review of 1334 cases. Plast Reconstr Surg.
(2004) 114(6):1405-16. doi: 10.1097/01.PRS.0000138596.57393.05

2. Lovice DB, Mingrone MD, Toriumi DM. Grafts amd implants in rhinoplasty and
nasal reconstruction. Otolaryngol Clin North Am. (1999) 32(1):113-41. doi: 10.1016/
$0030-6665(05)70118-3

3. Chang JS, Becker SS, Park SS. Nasal reconstruction: the state of the art. Curr Opin
Otolaryngol Head Neck Surg. (2004) 12(4):336-43. doi: 10.1097/01.m00.0000134830.
38177.ad

4. Shaye DA, Sykes JM, Kim JE. Advances in nasal reconstruction. Curr Opin
Otolaryngol Head Neck Surg. (2011) 19(4):251-6. doi: 10.1097/MOO.0b013e3283486a08

5. Wright R], Murakami CS, Ambro BT. Pediatric nasal injuries and management.
Facial Plast Surg. (2011) 27(5):483-90. doi: 10.1055/s-0031-1288931

6. Gary CC. Pediatric nasal surgery: timing and technique. Curr Opin Otolaryngol
Head Neck Surg. (2017) 25(4):286-90. doi: 10.1097/MO0.0000000000000378

7. Shumrick KA, Campbell A. Improvements in forehead flap design for nasal
reconstruction. Facial Plast Surg. (1998) 14(2):165-71. doi: 10.1055/s-2008-1064341

8. Korfage A, Raghoebar GM, Noorda WD, Plaat BE, Vissink A, Visser A.
Recommendations for implant-retained nasal prostheses after ablative tumor
surgery: minimal surgical aftercare, high implant survival, and satisfied patients.
Head Neck. (2016) 38(Suppl 1):E619-24. doi: 10.1002/hed.24053

9. Diken Tirksayar AA, Saglam SA, Bulut AC. Retention systems used in
maxillofacial prostheses: a review. Niger J Clin Pract. (2019) 22(12):1629-34.
doi: 10.4103/njcp.njcp_92_19

10. Flood TR, Russell K. Reconstruction of nasal defects with implant-retained nasal
prostheses. Br ] Oral Maxillofac Surg. (1998) 36(5):341-5. doi: 10.1016/S0266-4356
(98)90644-1

11. Agrawal A, Kumar P, Singhal R, Singh V, Bhagol A. Animal bite injuries in
children: review of literature and case series. Int J Clin Pediatr Dent. (2017) 10
(1):67-72. doi: 10.5005/jp-journals-10005-1410

12. Cantarella G, Mazzola RF, Pagani D. The fate of an amputated nose after
replantation. Am ] Otolaryngol. (2005) 26(5):344-7. doi: 10.1016/j.amjot0.2005.02.002

13. Lackmann GM, Draf W, Isselstein G, T6llner U. Surgical treatment of facial dog
bite injuries in children. J Craniomaxillofac Surg. (1992) 20(2):81-6. doi: 10.1016/
$1010-5182(05)80472-X

14. Mendoza JM, Chi JJ. Reconstruction of animal bite injuries to the head and neck.
Curr Opin Otolaryngol Head Neck Surg. (2019) 27(5):407-12. doi: 10.1097/MOO.
0000000000000564

Frontiers in Surgery

10.3389/fsurg.2024.1330889

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Ferreira S, Ayres Quaresma LE, Timé6teo CA, da Silva Fabris AL, Faverani LP,
Francisconi GB, et al. The primary closure approach of dog bite injuries of the
nose. J Craniofac Surg. (2014) 25(3):e216-8. doi: 10.1097/SCS.0000000000000553

16. Cavalcanti AL, Porto E, Dos Santos BF, Cavalcanti CL, Cavalcanti AFC. Facial
dog bite injuries in children: a case report. Int J Surg Case Rep. (2017) 41:57-60.
doi: 10.1016/j.ijscr.2017.10.008

17. Qregaard JS, Lang CL, Venzo A. Partial salvage of avulsed tissue after dog bite.
Ann R Coll Surg Engl. (2016) 98(2):e22-5. doi: 10.1308/rcsann.2016.0026

18. Stillaert FB, Roche N, Zeltzer A, Monstrey S. Artery only microanastomosis in
nose replantation: a report of two cases. J Plast Reconstr Aesthet Surg. (2012) 65
(4):513-6. doi: 10.1016/j.bjps.2011.08.042

19. Piccart F, Dormaar JT, Coropciuc R, Schoenaers J, Bila M, Politis C. Dog bite
injuries in the head and neck region: a 20-year review. Craniomaxillofac Trauma
Reconstr. (2019) 12(3):199-204. doi: 10.1055/s-0038-1660441

20. Shipkov H, Traikova N, Stefanova P, Pazardjikliev D, Simov R. The forehead flap
for immediate reconstruction of the nose after bite injuries: indications, advantages,
and disadvantages. Ann Plast Surg. (2014) 73(3):358. doi: 10.1097/SAP.
0b013e3182a6ad21

21. Kalmar CL, Nguyen PD, Taylor JA. Subtotal nasal reconstruction after traumatic
avulsion. Plast Reconstr Surg Glob Open. (2020) 8(11):e3239. doi: 10.1097/GOX.
0000000000003239

22. Pittet B, Montandon D. Nasal reconstruction in children: a review of 29 patients.
Stomatologie. (2007) 104(1):19-24. doi: 10.1007/s00715-007-0026-5

23. O’Rourke SCM, Neiva C, Galliani E, Kadlub N, Picard A, Morice A. Pediatric
nasal reconstruction by washio procedure. Facial Plast Surg. (2019) 35(3):286-93.
doi: 10.1055/s-0039-1688703

24. Giovacchini F, Monarchi G, Mitro V, Gilli M, Tullio A. Nasal reconstruction in
4-years-old child affected by nasal wing cleft. Indian ] Otolaryngol Head Neck Surg.
(2023) 75(3):2438-43. doi: 10.1007/s12070-022-03364-y

25. Milek D, Reed LT, Echternacht SR, Shanmugarajah K, Cetrulo CL, Lellouch AG,
et al. A systematic review of the reported complications related to facial and upper
extremity vascularized composite allotransplantation. J Surg Res. (2023) 281:164-75.
doi: 10.1016/j.js5.2022.08.023

26. Burke PH, Hughes-Lawson CA. The growth and development of the soft tissues
of the human face. ] Anat. (1988) 158:115-20. PMID: 3225215. PMCID: PMC1261982

27. Hahn von Dorsche S, Fanghinel J, Kubein-Meesenburg D, Nagerl H, Hanschke
M. Interpretation of the vertical and longitudinal growth of the human skull. Ann
Anat. (1999) 181(1):99-103. doi: 10.1016/S0940-9602(99)80103-4

frontiersin.org


https://doi.org/10.1097/01.PRS.0000138596.57393.05
https://doi.org/10.1016/S0030-6665(05)70118-3
https://doi.org/10.1016/S0030-6665(05)70118-3
https://doi.org/10.1097/01.moo.0000134830.38177.ad
https://doi.org/10.1097/01.moo.0000134830.38177.ad
https://doi.org/10.1097/MOO.0b013e3283486a08
https://doi.org/10.1055/s-0031-1288931
https://doi.org/10.1097/MOO.0000000000000378
https://doi.org/10.1055/s-2008-1064341
https://doi.org/10.1002/hed.24053
https://doi.org/10.4103/njcp.njcp_92_19
https://doi.org/10.1016/S0266-4356(98)90644-1
https://doi.org/10.1016/S0266-4356(98)90644-1
https://doi.org/10.5005/jp-journals-10005-1410
https://doi.org/10.1016/j.amjoto.2005.02.002
https://doi.org/10.1016/S1010-5182(05)80472-X
https://doi.org/10.1016/S1010-5182(05)80472-X
https://doi.org/10.1097/MOO.0000000000000564
https://doi.org/10.1097/MOO.0000000000000564
https://doi.org/10.1097/SCS.0000000000000553
https://doi.org/10.1016/j.ijscr.2017.10.008
https://doi.org/10.1308/rcsann.2016.0026
https://doi.org/10.1016/j.bjps.2011.08.042
https://doi.org/10.1055/s-0038-1660441
https://doi.org/10.1097/SAP.0b013e3182a6ad21
https://doi.org/10.1097/SAP.0b013e3182a6ad21
https://doi.org/10.1097/GOX.0000000000003239
https://doi.org/10.1097/GOX.0000000000003239
https://doi.org/10.1007/s00715-007-0026-5
https://doi.org/10.1055/s-0039-1688703
https://doi.org/10.1007/s12070-022-03364-y
https://doi.org/10.1016/j.jss.2022.08.023
https://pubmed.ncbi.nlm.nih.gov/PMID: 3225215
https://doi.org/10.1016/S0940-9602(99)80103-4
https://doi.org/10.3389/fsurg.2024.1330889
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Case Report: Pediatric alloplastic nose reconstruction with a 3D printed patient specific titanium implant
	Introduction
	Case presentation
	Following aspects were considered during the design of the implant
	Surgical placement of the PSI
	Postoperative follow-up and evaluation of the result

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


