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Introduction
Septoplasty in children is still a matter of dispute although some more 

conservative surgical techniques have been published in the last 40 years after 
the era of predominately radical submucous septal resection. The main problem 
is the unpredictable outcome of rhinosurgery performed in childhood. This 
is, however, not only a problem of proper surgical techniques. The fate of the 
growing traumatized nose is mostly determined by the direction and amount of 
the damaging force to the nose and the resulting pathologies of the septodorsal 
(synonym: septolateral) cartilage. Epigenetic influences also play a role during 
nasal growth.

Already in utero, the septodorsal cartilage, composed of the septal and 
both upper lateral cartilages, develops as the dominating structure for nasal and 
midfacial growth. This was shown in 1791 by Soemmerring 1 who published a 
newborn’s skull with a lacking septodorsal cartilage and the skull of a healthy 
newborn (Figure 1). In the deformed newborn, the nasal bones and the incisive 
parts of the maxilla are not developed. The size of the piriform aperture is reduced 
to one third in width compared with the healthy newborn. Height and width of 
the maxilla are reduced, while the contours of the orbital cavities are distorted 
compared with the healthy newborn.

Figure 1: Skull of a newborn with a lacking septodorsal cartilage (left) and with a normal midface (right) 1

Between 1970 and 1972, I had used conservative rhinosurgical techniques 
in	 92	 children	 (mean	 age	 of	 10.5	 years)	 and	 found	 11%	 recurrence	 of	 septal	
deviations with nasal obstruction after 20.5 months follow-up.2  Evaluating 
these patients after longer follow-up periods I found that the recurrence rate had 
tripled. More and more I had to realize that the failure rate is mainly dependent 
on the pathology of the traumatized septodorsal cartilage and only partly on 
my conservative surgical techniques. This new insight was supported by own 
histological investigations of the traumatized septal cartilage of the operated 
children 3 and especially by the results of systematic experiments on traumatized 
noses in growing rabbits by Verwoerd and Verwoerd-Verhoef with coworkers in 
Rotterdam. 

Here I’ll give a short overview on surgical procedures which are based on the 
knowledge of the last 40 years. Much of this fundamental knowledge has recently 
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been summarized in an outstanding publication by Verwoerd and Verwoerd-
Verhoef 4, which is available in Open Access in internet. I warmly advise to study 
this review which will help to understand the recommendations here.
Problems to evaluate long-term outcome of nasal surgery

In utero, the fetus’ breathing movements are performed by the abdomen. The 
newborn has to learn to breathe also with the thorax. To properly achieve this, 
nasal resistance is necessary. Solow et al. 5 found the nasal resistance of 17 new-
borns approximately 10 times that of the adult. Parker et al. 6 presented the curve 
of nasal resistance of 986 children (Figure 2) aged 4 to 18 years. This resistance is 
highest in infancy and decreases with thoracic growth. Until now, anterior active 
rhinomanometry and acoustic rhinometry are used to document the grade of nasal 
obstruction and cross-sectional areas. As the nasal resistance decreases and cross-
sectional areas and volumes of the nasal cavity increase with nasal growth, both 
test methods are not reliable for the documentation of a long-term outcome of a 
surgical treatment of recent or fixed nasal traumata, because one cannot differenti-
ate the effects of growth and of surgery.
Figure 2: Nasal resistance of growing 986 children (4-18 years) 6

Furthermore, we are not 
able to estimate the damage at 
the time of the acute nasal injure 
and its future development. We 
studied the preoperative findings 
of 25 patients around 20 years 
seeking septorhinoplasty, with 
a carefully documented history 
of untreated nasal trauma in 
childhood. 7 Exclusion criteria 
were nasal allergy and congenital 
nasal anomalies. By means of 
photographs from family albums 
(Figure 4), facial development 
could be followed over the 
growing period. Nasal findings 

and photographs allowed the following conclusions: some months after midfacial 
injury deformities of the nose may look unimpressive and are often not recognized 
by the family. Alterations of the bony pyramid and premaxillary region are rarely 
visible in the first decade. Rapid and marked changes appear during the pubertal 
growth, the onset of which varied between 11 and 14 years. Thus we concluded 
that the long-term effect of even a minor looking trauma to the child’s nose is not 
predictable before the end of pubertal growth.

In addition, the growing nose is influenced by genetic and epigenetic 
influences such as oxygen supply, nutrition, hormones, medication, infections, 
injuries including nasal surgery as a controlled trauma, to name only a few. These 
confounding, mostly not well-studied influences on nasal growth explain the 
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limitations to evaluate the surgical outcome of nasal surgery in childhood even 
after pubertal growth. In addition, medical ethics rule out long-term controlled 
studies in children with injured noses. Therefore, we have to conclude our 
knowledge about long-term outcome from twin studies, clinical observations, 
histological studies of wound healing of the nasal cartilages, and especially from 
animal studies meticulously performed, for instance, by the group in Rotterdam. 
4 This group found that the behavior of hyaline cartilage of the human nose 
appeared to be comparable to that of other mammals, especially of rabbits. 

This finding is supported by the following own observation. In 1973, I 
had to resect the left nasal bone and triangular cartilage in a 6-year-old boy 
because of histologically suspected sarcoma.7. Definitely, a curable circumscribed 
osteomyelitis was diagnosed. Following this boy 7 years later, we found a 
shortened left nostril with the bony pyramid deviating to the left and the nasal tip 
deviating to the non-operated side. The left piriform aperture was positioned higher 
and the left nasal process of the maxilla was reduced. The left inferior turbinate 
was smaller than the right-sided one, the caudal end of the septal cartilage slightly 
deviated to the right (Figure 3). These findings are similar to Poublon’s results 
from the Rotterdam group after unilateral resection of the triangular cartilage in 
growing rabbits (Poublon, Thesis 1987 in 4).

Figure 3: 6-year-old boy before resection of left triangular cartilage (left); 
midfacial growth inhibition at age of 13 years (right) 7

We learnt that many 
damaging influences on the 
growing nose will end in 
deficiencies of size and shape 
of the nose and some adjacent 
midfacial bony structures. This 
also holds true for the outcome 
of septoplasty in children, 
especially following radical 
procedures like submucous 
septal resection. But even 
less aggressive techniques 
respecting current knowledge of 

septal growth may turn out less satisfying than often expected depending, for 
instance, on the direction of the damaging force to the midface. We learnt from the 
histopathological finds of the damaged nasal cartilages of children and growing 
mammals that the sequelae caused by a frontal midfacial trauma are more severe 
and more difficult to treat than sequelae caused by lateral force to the midface. 
Furthermore, the earlier in childhood the injury or surgery takes places, the more 
it will affect the nasal and facial development. This holds especially true for the 
sequelae of nasal septal abscess. This unpredictable future of the growing nose 
in most cases of treated or untreated nasal injuries in childhood has to be passed 
on to the child’s caregivers when discussing the options of nasal treatment of the 
child and the possible late results.
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Indications and time for nasal surgery in children
Three groups of indications are found in the literature, namely
1. Acute nasal trauma 
2. Long-standing nasal deformities which cause severe problems in breathing 

and appearance
3. Nasal obstructions due to chronic nasal infections

Except for septal hematoma or abscess, which need immediate therapy, the 
decision to operate a child with an acute nasal injury immediately or to wait, is 
often rather arbitrary and depending on the physician who examines the child first. 
If the decision is for a “wait and see” attitude, it should be mandatory to repeat the 
examination of the child after 48 hours and to instruct the caregivers to observe 
the following points: a) is nasal breathing normalizing or remaining obstructive; 
b) is the soft tissue swelling of the nose remaining or diminishing; c) are there 
changes in the general condition of the child as to fever, headache, or nasal pain?

The indications for the second and third group are mostly made by 
otorhinolaryngologists in cooperation with pediatricians.

In case of acute nasal trauma, surgery is indicated at each age. In case of 
fixed nasal deformities, the time of septoplasty is depended on the severity of 
nasal symptoms: if nasal breathing is markedly impeded and/or the deformation 
appears to be progressive, septoplasty is indicated in the first decade. If only one 
nasal cavity is blocked, one should try to postpone septorhinoplasty to the second 
decade. In case of rare congenital malformations of the nasomaxillary complex, 
the time of surgery is individually tailored for the diseased child. Some relief of 
nasal obstruction can also be achieved by treating an associated nasal allergy.
Some technical recommendations for septoplasty in children 
Approach and Mobilization

The approach is not crucial for the outcome of septoplasty. Nearly all 
septoplasties can be performed via an endonasal approach. The external approach 
is rarely indicated and, of course, more traumatic. The use of a loupe or a surgical 
microscope is recommended.

The septum is approached through a hemitransfixion incision on the right 
side which provides access to all parts of the septum including the nasal dorsum 
and the nasal tip. It also allows access to the nasal floor, which should, however, 
be avoided in the child because of the danger to damage the incisive nerve 
and artery. The access to the whole septum is performed by elevation of the 
mucoperichondrium and mucoperiosteum, if necessary on both sides (creation 
of tunnels, which does not impede nasal growth). If there is no luxation of the 
caudal septal end, the septospinal ligament should be kept intact, to preserve 
the connection between the septal cartilage and the premaxilla which prevents 
damage to the growing maxilla. In case of luxation of the caudal septal end, the 
septal base, after being separated from the premaxillary wings, must be fixed to 
the premaxillary fibers at the end of the septoplasty using a non-resorbable suture.
Resection

Resection of parts of the septal cartilage interferes with nasal growth. 
Especially resections of the thicker and supporting zones extending from the 
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sphenoid bone to the anterior nasal spine and to the nasal dorsum result in more 
damage of growth than resections of the thinner anterocentral areas (Figure 
5). If resection of septal parts is necessary, transsect along the incomplete or 
complete fractures, but avoid to transsect the cartilage at right angles with the 
anteroposterior axis. The separation of the septal cartilage from the perpendicular 
plate or the complete posterior vertical transsection (posterior chondrotomy) 
should be avoided, because this causes an immediate overlap of the separated 
margins, resulting in an irreversible anterior-posterior shortening of the nose. 
Furthermore, this separation interrupts the zone of progressive ossification of the 
septal cartilage. An obstructing basal rim of the septal cartilage can be resected in 
the posterior and middle part of the septum, but the anterior part should be kept 
intact or only minimally trimmed to preserve the connection to the premaxilla. 
Unilateral or bilateral separation of the septum from the triangular cartilages is not 
recommended, because this disturbs the growth of the nasal dorsum and results in 
irregular scarring and septal deviation (Figure 3).

The inferior part of the vomer may be resected as long as the perpendicular 
plate and its connection with the septal cartilage, the ethmoidoseptal junction, 
remain intact. This partial resection of the vomer is, for instance, necessary when 
creating new choanae in the infant with bilateral choanal atresia. 

Generally, there is a well-founded agreement, that osteotomies don’t disturb 
nasal growth. Therefore, they can be performed even in the first decade, if 
septoplasty alone cannot solve the problem. However, as to the long-term outcome 
of a septorhinoplasty, the crucial effect for the nasal reconstruction is depended 
on the repair of the damaged septodorsal cartilage and not of the distorted nasal 
bony structures. A mostly satisfying repair is much easier to perform in the nose 
injured by a lateral trauma with lateral distortions of the nasal tissues than in 
the nose after a frontal trauma with infraction and dislocation of the bony and 
cartilaginous nose. In figure 4, we see a girl with an untreated frontal nasal trauma 
at age 6 years (Figure 4 left). The nose shows a slight bony deviation to the right 
side, a C-shaped bending of the dorsum, and a small saddle. The harmony of 
the midfacial proportions is not jet disturbed. Her photograph at age 17 (Figure 
4 middle) shows an underdeveloped nose, still a “child’s nose”, with a marked 
bony deviation, the saddling more pronounced, and the lobule hypoplastic. The 
maxilla is retruded. The midfacial harmony is severely disturbed. On the sketch 
(Figure 4 right), drawn during the open approach at age 17, the pathologies of the 
bony and cartilaginous nasal structures are clearly visible: distorted, asymmetric, 
infractured nasal bones, asymmetric piriform aperture, scars in the fractures of the 
triangular cartilages, and the deformed and infractured caudal septal cartilage. A 
closed reposition at the time of the nasal trauma would probably have prevented 
the development of the crooked bony pyramid, but not the formation of the 
numerous scars due to the incomplete and complete fractures of ‘the T-shaped 
septodorsal cartilage’, to use a term of Carel Verwoerd. This is an example of an 
acutely injured nose which cannot properly be treated by immediate surgery!
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Figure 4: Untreated nasal trauma in a girl at 6 years (left), at 17 years (middle), and the sketch with 
pathologic finds of the nasal bones and septodorsal cartilage (right) 7

Reconstruction 
The nearly complete reconstruction of septal defects by reimplantation of 

plates of autogenic cartilage or bone between the bilateral mucosal membranes is 
necessary to minimize the formation of septal perforations and scars. This is no 
guarantee that normal nasal growth is restored, because the transplants may shrink 
or calcify. In younger children, we observed the calcification of cartilaginous 
plates which were harvested from the posterior septum, i.e. from an area which 
normally ossifies during septal development. Non-crushed cartilage from the 
septum or from the auricle as plates are preferable to crushed material which is 
often resorbed or transformed into connective tissue. 

Scoring the septal cartilage may also be a problem in children. In an 
ex-vivo experiment on nasal septal cartilage of adult rabbits, ten Koppel et al. 
8 demonstrated that there is a clear linear relationship between the depth of 
incision and the resulting degree of cartilage bending when incisions are made 
up to half of the cartilage thickness. If the incision surpasses the half of the 
cartilage, the resulting bending becomes unpredictable. In addition, their in-vivo 
experiments showed ten weeks after surgery that the scored cartilage of the healed 
septum maintained the imposed shape and its degree of bending in all animals 
towards the non-scored side. On the other side, we know from van Loosen et al. 
9 who investigated septa from birth to 62 years, that the thickness of the septal 
cartilage is considerably variable in both the anteroposterior and cranial-caudal 
direction (Figure 5). This pattern of cartilaginous thickness remains persistent 
throughout lifetime, but cannot exactly be evaluated during surgery with the 
mucoperichondrium elevated from the septal cartilage. The surgeon can only 
recognize the cartilaginous thickness at defined sites by cutting through the whole 
cartilage. If only one side of the cartilaginous surface is incised, one cannot find 
out where half of the septal cartilage is reached. Therefore, a vertical scoring of 
exactly the same depth over a length of 3 cm, for instance, will result in bending 
with slight differences due to the diverse thickness of the septal cartilage over 
this length. This means the predictability of the amount of bending becomes 
questionable.
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Figure 5: Diagram illustrating the thickness of the cartilaginous part of the septal specimen of a 4-year-old 9

Another reason for the unpredictability of the scoring effect is connected 
with the incomplete wound healing of the septal cartilage. After healing of an 
incompletely incised cartilaginous surface, a scar of connective tissue fills the 
cartilaginous gap, which influences the amount and direction of bending. Figure 
6 shows the part of a distorted septal cartilage (3.7 cm long) removed during 
revision septoplasty at the age of 14 years.7 The boy had been operated 6 years 
before because of traumatic septal deviation. The previous surgeon had unilaterally 
scored the septal surface by several oblique, nearly parallel incomplete inciscions 
which resulted in the markedly distorted piece of septal cartilage removed at 
revision septoplasty. One can recognize the remnants of the parallel scorings and 
their diverse mode of healing ranging from resorption with small cartilaginous 
defects to hardly visible scars of the cartilaginous surface. This irregular surface 
pattern is due to the different thickness of the septal cartilage and its incomplete 
wound healing following scoring. That’s why I cannot recommend scoring the 
septal cartilage in children.

Figure 6: Remnants of the anterior septal cartilage of a 14-year-old boy. This cartilage had been scored by 
10 cuts 6 years ago, which resulted in partial resorption and unpredictable bending.7
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Fixation 
The reconstructed septum is readjusted in its position. The intraseptal pock-

ets are cleansed of blood. Larger autogenic transplants are sutured between the 
mucoperichondrial	flaps.	The	caudal	septal	end	is	brought	into	a	columella	pocket,	
and	fixed	to	the	premaxilla	using	a	non-resorbable	suture.	In	addition,	its	fixation	
between	 the	medial	crura	 is	 recommended.	After	closure	of	 the	hemitransfixion	
incision, a loose internal dressing and an external taping help to support the recon-
structed septum in its position and to prevent the formation of hematoma.

Relatively rarely, an anterior turbinoplasty is indicated in children, with and 
without septoplasty. This has been discussed in the IX IAPO Manual of Pediatric 
Otorhinolaryngology (pp. 170 – 172). 
Nasal septal abscess 

The majority of septal abscess is caused by acute nasal injury. Blood vessels 
are disrupted in the mucoperiochordium, which is not torn, because it is thicker 
and more elastic in children than in adults. The resulting hematoma is highly 
susceptible to infection. White blood cells invade the cartilage, create an acid pH, 
and destroy it within some hours. This happens due to cathepsin D, a necrolytic 
and autolytic collagen degrading enzyme with optimum in the acid pH. This 
enzyme is normally distributes all over the healthy septal cartilage. This finding 
helps to explain the rapidity of the cartilage destruction (Figure 7) in many cases 
of septal abscess. 3, 10 

Figure 7. Septal abscess 10 days ago. Biopsy from the partially necrotizing septal cartilage 3

Immediate action is required. After puncture for bacterial culture, the 
abscess is drained through a hemitransfixion incision. Pus and necrotic tissue are 
removed. The defect is immediately reconstructed by transplantation of autogenic 
ear cartilage to avoid dorsal saddling and columellar retraction. The incision is left 
partially open for drainage without a drain. Loose internal dressings are applied, 
and antibiotics are administered systemically. It has been shown that each septal 
abscess will result in some nasal growth inhibition, which is more pronounced, the 
earlier the abscess happens. However, the immediate transplantation of autogenic 
cartilage can prevent the typical saddle nose formation. 10
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Final remarks
In this short chapter I wanted to sum up essential results from the literature 

and some of my experience with nasal surgery in children since 1969. The 
optimism of the first ten years to receive better long-term outcome of this delicate 
surgery by less invasive surgical techniques decreased in the last decades. I had to 
realize that it is mainly the pathology of the septodorsal cartilage which dictates 
the fate of the growing nose and that the surgical results are not predictable. 
I am very thankful to my friends from the Rotterdam group (Verwoerd CDA, 
Verwoerd-Verhoef HL) who opened my eyes for new insights into the complexity 
of the growing nose by their outstanding experimental studies. Although some 
basic knowledge has been collected about this topic, we are far from mastering 
the problems of the growing nose. Therefore, we should be very careful in 
indicating nasal surgery in the first decade to prevent more harm to the damaged  
midfacial region.
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