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Abstract: The nasofrontal angle (radix) has a great impact on the
rhinoplasty outcome. Minimal alterations in this area can give an
unusual nasal appearance and midfacial length. Different man-
agement approaches have been described with regard to radix
augmentation. This study aimed to describe the techniques of
rhinoplasty, different materials used in the procedure, and results
of at least 1 year of follow-up in our 12-year experience in this
field. The authors retrospectively reviewed the data of patients
who underwent rhino-plasty/septorhinoplasty with radix aug-
mentation performed by 1 of the authors (a senior surgeon at our
institution) using different graft materials, between January 2007
and December 2019. Patients younger than 18 years or who were
followed up for less than 1 year were excluded from the study. In
total, 387 patients (235 [60.7%] female; age range, 19–39 years)
were included. Primary procedures were performed in 311 pa-
tients (80.5%), and revision procedures were performed in 76
patients (19.6%). Most patients (97%) were satisfied with the
aesthetic result. There was no incidence of infection, displace-
ment, or extrusion of the graft. The only complications observed
were irregularities; 3% required revision surgery. It is important
to consider the nasal radix when pursuing a balanced profile in
rhinoplasty. Many graft materials can be used safely and can
achieve good aesthetic outcomes. Proper anatomical analysis and
patient selection are essential for successful graft placement.
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The most obvious characteristic of the face is the nose, which
contributes more than any other feature to its overall ap-

pearance. Rhinoplasty is a surgical method with a double func-
tion: reconstructing the shape of the nose, whereas maintaining or
enhancing its airway function; thus, it is not merely a cosmetic
procedure.1 The most important first step in performing rhino-
plasty is a good anatomical analysis, with more attention given to
the radix area during reduction or augmentation procedures.2

The radix (nasofrontal angle) is considered as the narrowest
and most posterior nasal point at which the nose begins.3,4 It is
the site at which the nasal bone fuses with the lower border of

FIGURE 1. External nose anatomy showing the location of the radix.
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the frontal bone, located between the eyes3 (Fig. 1).
The nasofrontal angle follows a line from the nasal dorsum

and another line from the glabella to the gnathion (Fig. 2).
Visually pleasing nasofrontal angles are within 130° in men and
134° in women.5 Such angles combine the brow and nasal
dorsum within a soft, concave curve. The top of the radix must
be within the supratarsal fold and skin of the upper eyelid, when
gazing horizontally.6

The radix is considered as a significant facial morphology
determinant, as changes in this area can produce noticeable
variations in the nose, particularly its length and projection.2,4

A low radix reduces the nose visually, generating a short nose
and the delusion of a pseudohump.7 Conversely, in patients with
a high radix, the profile of forehead continues into the nose in a
straight line and the nose appears too long.2

The main techniques of radix augmentation described in the
literature include the diced cartilage surgical technique, crushed
cartilage grafting, autologous and synthetic grafting, and com-
bined grafting (diced cartilage-fascia [DTF] graft).

The aim of this study was to describe the techniques of radix
augmentation in rhinoplasty, different materials used in the
procedure, and the results of at least 1 year of follow-up in our
12-year experience in this field.

METHODS AND MATERIALS
This is a retrospective review study conducted on patients who
underwent open rhinoplasty at our institution from January
2007 to December 2019. The study participants included pa-
tients aged ≥19 years who underwent open septorhinoplasty
with a low radix. Patients aged ≤ 19 years and those who had
< 1 year of follow-up were excluded from the study. Written
informed consent was obtained from all study participants.

After obtaining clearance from the institutional ethical
committee, a total of 387 medical records and professional
photos of patients who had undergone rhinoplasty with radix
augmentation by the senior author during the 12-year study
period were reviewed. Photos were taken in frontal, profile,
oblique, basal, and sky views. Moreover, we assessed the pos-
sible complications with each type of augmentation used.

Surgical Techniques
More conservative approaches were prioritized in the tech-

nique selection. We classified radix grafting as the augmentation
of the defect and root of the nose above the level of the rhinion.

Various materials were used for the radix graft. Cartilage
was used as the grafting material and harvested from either the
cartilaginous nasal septum, auricle, or irradiated rib. Addi-
tionally, the temporalis fascia, fascia lata, and polytetrafluoro-
ethylene (Gore-Tex) were used as grafting materials.
Autologous cartilage was the first-choice material for augmen-
tation because of its low infection rate. In cases of secondary
septorhinoplasty or previous septoplasty, we used auricular
cartilage as the grafting material. To smooth the transition of
the radix, we used multilayer folded temporalis fascia.

After selection of the graft material, the size and shape were
carefully determined to prevent overcorrection, visibility, and
junctional step-offs. A No. 11 blade was used on cartilage or
Gore-Tex to create a very sharply angled edge, continuing
smoothly with the nasal dorsum. When using cartilage, we
thinned the edges further with a scalpel and crushed the graft
with a crusher to achieve a balanced contour. For cases in which
Gore-Tex was used, a 2- to 3-mm-thick patch of Gore-Tex
provided adequate size for augmentation (Fig. 3). Alternatively,
for thick radix grafts, cartilage wrapped in temporalis fascia or
fascia lata was used (Fig. 4). If the needed augmentation was
minimal, we used the folded fascia lata only, with no cartilage.

For cases in which excised hump autografts were used, we
resected and reshaped the excessive hump, displacing it superi-
orly to augment a deep nasal root.

For cases in which crushed cartilage was used, we diced the
cartilage into several packed small particles (0.5–1 mm), then
placed them inside the fascia. The graft was easily molded by
finger pressure, providing a smooth surface. The diced cartilage
was usually prepared from irradiated rib or septal orconchal

FIGURE 2. The nasofrontal angle measurement.

FIGURE 3. Gore-Tex grafting material; a 2- to 3-mm-thick patch was adequate
for augmentation.
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cartilage. In 7 patients, we soaked the diced cartilage particles in
blood and wrapped them in Surgicel (Ethicon, Somerville, NJ).

For cases in which temporalis fascia grafts were used, we
made a curvilinear incision in the posterior hairline and ob-
tained complete access to the temporalis fascia by means of
superior and forward dissection; we then harvested the intended
amount of fascia and fixed it in the correct position within the
radix using a temporary suture.

To place the graft, we used a retractor to expose the nasal
bones and made a precise subperiosteal pocket exactly under the
radix area with the defect to prevent dislocation (Fig. 5). The
graft was positioned slightly above the desired position, and
then sutured to the overlying skin to avoid activity from the
procerus muscle, which tends to push it downward. We gently
pulled up an absorbable 5-0 polydioxanone (PDS) suture to
keep the graft in place. When we taped the nasal dorsum at the
end of the surgery, we cut this absorbable suture, and then took
it out when the cast was removed.

Follow-Up and Postoperative Care
We followed up all patients monthly for the first year and

every 3 months for the second year to evaluate the outcome of
the augmentation, contours, stability of the results, and possible
complications. We used nasal palpation to identify irregularities
or spicules in the radix area and documented patient complaints
and dissatisfaction.

RESULTS
Medical records and photographs were retrospectively reviewed
to evaluate the postoperative results of various standard graft
materials used to augment the nasofrontal angle (septal carti-
lage, conchal cartilage, rib cartilage, rib cartilage with fascia
lata, crushed and diced cartilage wrapped in fascia lata, fascia
lata folded layers, and Gore-Tex in fascia lata). Primary pro-
cedures were performed in 311 patients (80.5%), and revision
procedures were performed in 76 patients (19.6%). In total,
235 patients (60.7%) were females aged 19 to 39 years. The
follow-up duration ranged from 1 to 3 years. The graft materials
used are summarized in Supplementary Digital Content 1,
Table 1, http://links.lww.com/SCS/D702.

We used septal cartilage in 23 patients (5.9%), conchal car-
tilage in 13 patients (3.4%), irradiated rib cartilage alone in
33 patients (8.5%), irradiated rib cartilage wrapped in fascia lata
in 141 patients (36.4%) (Fig. 6), excised hump as an autograft
in 21 patients (5.4%), crushed cartilage covered or wrapped in
fascia lata in 79 patients (20.4%), diced cartilages wrapped in
fascia lata in 13 patients (3.4%), fascia lata folded in multilayers
in 29 patients (7.5%), temporalis fascia folded in multilayers in

FIGURE 4. For thick radix grafts in 3 different patients, cartilage wrapped in
temporalis fascia or fascia lata was used.

FIGURE 5. For graft placement, we used a retractor to expose the nasal bones
and made a precise subperiosteal pocket exactly under the radix area with the
defect to prevent dislocation.

FIGURE 6. Pre- and 14-month postoperative images of a female patient with a
low radix. She underwent open septorhinoplasty with augmentation of the
radix by sized and shaped irradiated rib cartilage wrapped in fascia lata.

FIGURE 7. Figure shows a 25-year-old female patient with a low radix. Pre-
and 18-month postoperative images show the effect of Gore-Tex wrapped in
fascia lata as an augmentation graft material. Top: preoperative photos;
Bottom: postoperative photos.
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11 patients (2.8%), an expanded polytetrafluoroethylene patch
(Gore-Tex) wrapped in fascia lata in 17 patients (4.4%) (Fig. 7),
and diced cartilage particles soaked in blood and wrapped in
Surgicel in 7 patients (1.8%).

Five patients in the crushed cartilage group exhibited irreg-
ularities during postoperative follow-up; 2 of them were ad-
mitted for secondary revisions. In patients in whom reshaped
beveled septal or irradiated rib cartilage were used alone,
without any fascia graft, visible sharp-edge irregularities
developed early, which were palpable in 7 patients and visible
in 2 patients. We subsequently revised these irregularities by
removing the grafts and further thinning the edges before re-
placement; at 9 months, 2 patients developed a small invisible
notch in the radix that was palpable, but deferred intervention.

No patient developed infection or had displacement or extrusion
of the graft. We found no other complications related to the radix
graft, with an overall complication rate of 3.6%.

On follow-up consultation, we assessed the appearance of
the radix and asked patients about their dorsal profile in par-
ticular. The assessment findings were normal, and all patients,
including 11 patients who underwent revision, reported sat-
isfaction with the aesthetic results within 1 year.

DISCUSSION
In the present study, all autologous grafts, in addition to Gore-
Tex wrapped in fascia lata, were acceptable graft materials that
could be used in radix augmentation. Augmentation of the nasal
radix is a common area of interest in rhinoplasty. Many materials
and techniques have been introduced in the literature. Ideally, the
augmentation material should have a smooth surface integrated
with the remainder of the dorsal component.8 Bohluli et al8

reported the results of 4 techniques (excised hump as an autograft,
crushed cartilage, temporalis fascia, and crushed cartilage wrap-
ped in temporalis fascia) in 63 patients; their results, including the
complication rate, were similar to those of the present study.8 An
excised hump autograft, which we used in 21 patients to augment
a shallow radix, showed excellent contours, as it easily integrates
with the remaining parts of the dorsum. It is also considered as the
easiest technique used in rhinoplasty. Furthermore, in 11 patients
with thin skin, for whom graft edges or shadows would be visible,
temporalis fascia grafts were used.

Yu et al9 conducted a study of radix augmentation using
crushed cartilage with fibrin sealant in Asian rhinoplasty; they
reported that this technique was reliable and suitable for radix
augmentation, with a reasonable complication rate.9 In some
cases, we used crushed cartilage wrapped in fascial lata, which
showed good outcomes and acceptable results, with a low rate
of complications (5 of 79 patients required revision corrective
surgery). Crushed cartilage grafts are applied to cover anoma-
lies and generate a softer nose, and they can also be applied to
augment the radix. Crushed cartilage grafts can be arranged
into many layers or accumulated to reach a suitable dimension
and appearance, depending on the cartilage’s thickness and the
desired level of augmentation.9 Crushing of the cartilage can
break down the inherent mechanical characteristics of cartilage
grafts and limit postsurgical graft abnormalities.10 Nevertheless,
problems associated with crushed cartilage grafts require the
management of their position on the nasal dorsum and post-
surgical balance of their site.9 Crushed cartilage alone cannot
provide adequate structural stabilization.11

Crushed cartilage covered with temporalis fascia and diced
cartilage wrapped in fascia lata or temporalis fascia was used in
92 patients. Placing this compound graft in the radix, positioned
so as to fill the defects, promoted adaptation and long-term

stability. The DTF grafts described by Daniel are broadly used
for nasal dorsal and radix augmentation.12 Cartilage collected
from any relevant areas throughout surgery can be used. Without
contamination, there is no immersion of the grafted cartilage,
allowing the volume to be controlled. The DTF is able to protect
the cartilage, maintained by the normal circulation of the blood.12

This outcome is likely related to the role of the fascia in the
neoperichondrium.13 Tasman and Suarez14 evaluated radix aug-
mentation with diced cartilage glue grafts, and concluded that this
technique is a good alternative for radix augmentation. Bullocks
et al15 used autologous diced cartilage as a malleable construct for
dorsal augmentation stabilized by an autologous tissue gel, using
platelet-rich plasma (platelet gel) and platelet-poor plasma (fibrin
glue) as the basis. They reported that autologous tissue gel with
diced cartilage is safe and reliable for dorsal augmentation, pro-
viding growth factors and stabilization.15 In our experience, we
used diced cartilage wrapped in fascial lata and diced cartilage
soaked in blood and then wrapped with Surgicel, which produced
excellent results and acceptable aesthetic outcomes, whereas
avoiding postoperative complications. Additionally, there was no
need for revision rhinoplasty in these 2 groups.

Expanded polytetrafluoroethylene, or Gore-Tex, is a synthetic
alloplastic material that has long been used in many medical con-
ditions for soft-tissue management. Gore-Tex was introduced in
rhinoplasty in 1983 for augmentation purposes.16 Yap et al16 ad-
dressed the advantages and disadvantages of Gore-Tex in dorsal
augmentation in 1054 Southeast Asian patients. They found Gore-
Tex to be an excellent alloplastic material for dorsal augmentation,
producing good aesthetic outcomes; the rate of unwanted outcomes
was 2.28%, and implant deviation was the most common drawback
of this material, in addition to visibility, infection, and sat-
isfaction.16 Godin et al17 retrospectively reviewed 309 patients who
received Gore-Tex during rhinoplasty; the infection rate was 3.2%,
and most of these cases were in the revision rhinoplasty group. In
the present study, we performed radix augmentation with Gore-
Tex wrapped in fascia lata in 17 patients, and encountered no
complications and obtained excellent satisfaction rates.

We also used septal and irradiated rib cartilage in the afore-
mentioned technique and encountered unsatisfactory results in
7 patients who required revision surgery. Additionally, we used
rib cartilage wrapped in fascia lata, multiple folded layers of
temporalis fascia, and multiple folded layers of fascial lata, with
excellent outcomes and no cases of complications or dissat-
isfaction. We used multilayer fascia lata grafts in 29 patients to
address the radix deficiency; these grafts provided a smooth
surface, with borders fading easily and completely into the nor-
mal donor site tissues. Most of the time, we consider folded fascia
lata as the ideal material for radix augmentation.

In our experience, the complication rate was 3.6%, which in-
cluded cases of irregularities and undesirable results. No infection,
displacement, or extrusion of the graft occurred in our patients.
Postoperatively, no graft displacement or absorption was seen, but a
few patients early in the study period had visible septal-graft edges
postoperatively. Moreover, we noted that cartilage grafts can be
crushed to reduce the risk of irregularities during the healing process.

The limitation of our study includes the small sample size,
along with its retrospective nature. Large randomized multi-
center clinical trials are warranted to determine the best mate-
rial to be used in radix augmentation.

In conclusion, it is important to consider the nasal radix
when pursuing a balanced profile in rhinoplasty. From an aes-
thetic standpoint, altering the radix area can noticeably change
the image of the nose, as well as its length and projection. Our
experience with radix grafts indicates that the procedure can
safely and effectively provide lasting results. Several different
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reported techniques for radix augmentation were evaluated to
help improve radix augmentation outcomes. In our experience,
all evaluated autologous grafts are suitable for radix augmen-
tation. Although Gore-Tex seems to minimize the risk of in-
fection or extrusion in the radix area, whereas maintaining an
intact mucosal layer, its potential complications include ex-
trusion, foreign body reaction, infection, and displacement.
Patient selection and careful anatomical analysis are integral for
successful graft placement; thus, we recommend that clinicians
perform computed tomography preoperatively to assist in de-
cision making and to achieve patient satisfaction. In general,
some women preferred a lower dorsal profile and refused radix
augmentation; thus, more attention should be paid to the radix
area during rhinoplasty in the selection of suitable techniques to
achieve an excellent outcome, with a low complication rate.
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