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Abstract
Background This study evaluates the impact of different
hump takedown techniques, namely the conventional hump
resection with midvault reconstruction, the push-down
(PD) and the let-down (LD) procedures, on the INV
dimensions.
Methods In this cadaveric study, six heads were divided
randomly into either the conventional hump resection
technique (Group A; n = 6 sides) or DPR techniques (n = 6
sides). This latter group was subdivided such that initially a
PD procedure was performed (Group B; n = 6 sides), followed by a LD procedure on the same heads (Group C;
n = 6 sides). A validated radiological method was used to
measure the INV angle and cross-sectional area (CSA) in a
modified coronal plane both pre- and post-procedurally.
Results Group A did not show significant reduction in the
INV angle nor in CSA (p = 0.068 and p = 0.156, respectively). In the push-down group (B), we observed a mean
change of 2.05° in the angles and 0.3 cm2 in the CSA
(p = 0.0163 and p \ 0.001, respectively). The LD group
(C) did not show significant reduction in the INV angle nor
in CSA (p = 0.437 and p = 0.331, respectively).
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Conclusion Neither the conventional hump resection nor
the LD DPR technique reduced the INV dimensions.
However, the PD preservation technique significantly
reduced the INV dimensions.
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Introduction
Rhinoplasty is one of the most commonly performed cosmetic procedures in the USA reported to be 44,676 and
globally reaching 877,254 in 2017, with an 11% increase
from 2016 [1, 2]. Dorsal hump reduction is a fundamental
component of Western rhinoplasty given the prevalence of
patients seeking improved nasal profiles [3–5]. Multiple
techniques have been described for dorsal hump takedown
[5–7]. The conventional hump resection technique,
involving amputation of the bony and/or cartilaginous
hump followed by osteotomies for closure of an open roof,
has been widely implemented amongst rhinoplasty surgeons [6, 8], with or without autospreader flaps for midvault reconstruction [9]. Recently, however, there has been
a resurgence of dorsal preservation rhinoplasty (DPR) and
its different modifications [5, 10–12].
The concept of preserving the nasal dorsum was first
reported in the early twentieth century and has since been
modified over the years by multiple authors [7, 13–17]. The
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original description was by Cottle [7, 14] where the bonycartilaginous hump as a whole is impacted towards the face
after lateral and transverse radix osteotomies that was
described thereafter as the ‘‘push-down’’ (PD) technique
[5, 15, 18]. This was modified by adding a wedge resection
of the ascending process of the maxilla known as the ‘‘letdown’’ (LD) technique [5, 10, 18]. Advocates of DPR
techniques relative to the conventional hump resection
technique report improved dorsal aesthetic lines with
reduced dorsal irregularities and preservation of the keystone area [5, 12]. Another suggested advantage with DPR
is the potential preservation of the internal nasal valve
(INV) [5]. However, this has not been previously objectively studied.
The purpose of this study was therefore to investigate
the impact of different techniques of hump reduction
(hump resection with autospreader flaps, PD and LD DPR)
on particular nasal airway dimensions. Since the INV is the
narrowest cross section of the nasal airway and corresponds
to the area of maximum resistance [19, 20], measurements
were taken at this site using previously described and
validated methodologies [21–23].

midvault and nasal valve. In Group B, the PD was performed after lateral osteotomies, where the nasal side walls
were pushed medially to allow for this impaction. This
technique has been described elsewhere [7, 14, 15, 18, 25].
For consistency, all rhinoplasties were closed using the
same technique, tongue-in-groove procedure and a loose
interdomal suture (to compensate for interdomal ligament
disruption without affecting the ULC). No intradomal
sutures or other tip procedures were performed for consistency. A quilting suture was also performed to meticulously close the septal dead space. All heads were then
rescanned for evaluating the INV dimensions.
After the PD heads were imaged, the bony cap is disimpacted and a wedge of bone was removed from the
lateral nasal wall so that the lateral nasal wall would rest on
the ascending maxillary process, creating a let-down (LD)
procedure (Group C, n = 3 heads, 6 sides). This technique
has been described in detail elsewhere [5, 10, 13]. These
heads were then scanned in a similar fashion to Groups A
and B. If needed, CT scans were repeated to ensure good
quality and removal of trapped air.
Internal Nasal Valve Measurement

Methods
After an institutional review board waiver was obtained,
this cadaveric study was performed at the Stanford
University, School of Medicine, Department of Otolaryngology—Head and Neck Surgery. Six fresh cadaveric
heads with nasal humps were identified. Prior to any dissection and after careful suctioning of the nasal cavity,
each head was imaged using computed tomography (CT)
scanning with a 3D Accuitomo 170 machine (J. Morita
USA, Irvine, CA, USA).
Heads were divided randomly into two groups: Group A
(n = 3 heads, 6 sides) underwent a hump takedown using
conventional hump resection technique, while Group B
(n = 3 heads, 6 sides) had a Cottle hump takedown (DPR)
using the push-down technique (PD), where a wedge of
bone is resected subdorsally along with a cartilage wedge
inferiorly connected by an incision at the septal bony-cartilaginous junction [7, 14]. An external approach rhinoplasty procedure was performed in all of the specimens by
the senior author for consistency. A wide subperiosteal
dissection was performed in all heads, and piezoultrasonic
tips (PIEZOTOMEÒ M?, Marina Medical Inc., COMEG,
France) were used for all osteotomies for consistency. All
lateral osteotomies performed were of a high–low–high
pattern. For Group A, following hump rasping, lateral
osteotomies were performed using piezotips. The upper
lateral cartilages (ULCs) were separated, and autospreader
flaps [9, 24] were performed for reconstruction of the
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The INV was measured in each group using previously
validated methodologies with high inter-rater reliability
[21–23]. All measurements were performed by the same
author and were repeated to ensure precision. A modified
coronal plane perpendicular to the acoustic axis at the level
of the INV was used for measurement. First, on the sagittal
view, a reformatted axial plane is oriented parallel to the
outer bony nasal dorsum (estimated acoustic arc). Then, the
modified coronal plane perpendicular to the new axial
plane was chosen to be a cut anterior to the head of the
inferior turbinate. In CT scans of Groups B and C, a line
parallel to the bony dorsum proximal to the bony osteotomy for consistency was used as shown in Fig. 1. Analysis
of the INV dimensions was performed using the Onis
DICOM viewer, version 2.6 professional (DigitalCore Co,
Ltd., Tokyo). Irregularities in the lateral nasal valve wall
were averaged using methodology previously described
[21–23]. A software-specific angle measurement tool was
utilized to calculate the INV angle. The cross-sectional
area (CSA) of the INV was measured by delineating its
boundaries in a polygonal configuration using the polygon
tool for area measurement.
Statistical Analysis
A paired sample t test was used to assess parameters before
and after different interventions in the three groups. Continuous variables (INV angle and CSA) were expressed as
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Fig. 1 Creation of the modified coronal plane perpendicular to the nasal acoustic wave, by aligning the axial axis parallel to the bony dorsum on
the sagittal view

mean and standard deviation (SD). For all statistical analyses, results were considered significant at p \ 0.05.

Results
The mean age of the included specimens was 74.83
(64–89) years. Four were males and two were females, all
being Caucasian. Tables 1 and 2 summarize the data on the
INV angle and CSA, respectively, for each of the three
study groups. Of note, the cadaver groups showed
insignificant difference in their preoperative angles and

Table 1 Impact of different
types of hump takedown on the
INV angle

CSAs (p = 0.198 and p = 0.449, respectively) to ensure
randomization.
In all specimens, dorsal reduction was successful as
shown in Fig. 2a, b. To ensure efficacy of all procedures on
both sides, the CT scans at the level of the bony pyramid
were revised and documented for all procedures, as shown
in Fig. 3a–c. We also evaluated the extension of the septal
cartilage in the subdorsal region underneath the nasal
bones. An average of 8.38 ± 2.78 mm was calculated with
a range from 6.45 to 13.45 mm, which was described by
some authors to be resected in DPR [5, 16]. The average
ratio of cartilage to bony extension underneath the nasal
bones was 1.6:1 in this cohort.

Preoperative

Postop Group A

Preoperative

Postop Group B

Postop Group C

R angle

9.67

10.77

11.52

10

11.71

R angle
R angle

11.89
11.48

11.18
8.9

12.01
9.11

9.05
9.97

10.76
13.95

L angle

10.82

11.49

12.68

9.08

13.12

L angle

10.4

8.13

10.74

9.25

11.97

L angle

10.04

9.4

12.1

8.52

7.87

Total

10.72 ± 0.85

9.98 ± 1.36

11.36 ± 1.28

9.31 ± 0.58

11.56 ± 2.12

0.016

0.437

p value

0.068
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Table 2 Impact of different
types of hump takedown on the
INV CSA

Preoperative

Postop Group A

Preoperative

Postop Group B

Postop Group C

R CSA

1.86

1.91

1.76

1.39

1.6

R CSA

1.86

1.87

1.71

1.28

1.61

R CSA

2.5

2.37

2.02

1.85

1.8

L CSA

1.64

1.61

2.14

1.76

2.1

L CSA

1.6

1.63

2.01

1.75

2.06

L CSA

2.06

1.83

1.75

1.56

2.02

Total

1.92 ± 0.33

1.87 ± 0.26

1.89 ± 0.18

1.59 ± 0.23

1.87 ± 0.23

\ 0.001

0.331

p value

0.156

Fig. 2 Hump takedown with a LD procedure after resection of a bony wedge. a Preoperative profile view, b postoperative profile view

Fig. 3 Different osteotomies on CT scans at the level of the bony
pyramid away from the INV CSA. a A coronal section at the level of
the bony pyramid showing the traditional (Joseph) technique with an
absent bony dorsum (corrected open roof deformity). b A coronal
section at the level of the bony pyramid showing the push-down

technique with an intact bony dorsum. The lower portion of the side
wall shows an overlap with the remainder of the maxillary process.
c A coronal section at the level of the bony pyramid showing the letdown technique with an intact bony dorsum

Group A heads (hump resection method) showed a
preoperative mean ± SD of 10.72° ± 0.85° for the angles
and 1.92 ± 0.33 cm2 for the CSAs. Postoperatively, these
values were 9.98 ± 1.36 and 1.87 ± 0.26 with an
insignificant mean change of 0.74° and 0.05 cm2

(p = 0.068 and p = 0.156, respectively) as shown in
Fig. 4a–d. The preoperative mean (SD) of the INV angles
was 11.36° ± 1.28°, and the CSA was 1.89 ± 0.18 cm2
for heads used for DPR. For Group B, the postoperative
mean INV angle was 9.31° ± 0.58° and the CSA was
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Fig. 4 INV of Joseph technique. a, b Preoperative angle and cross-sectional areas dimensions before hump takedown for the Joseph method. c,
d Postoperative angle and cross-sectional area dimensions after hump takedown using the Joseph method

Fig. 5 INV of dorsal preservation technique. a, b Preoperative angle
and cross-sectional area dimensions before hump takedown. c,
d Postoperative angle and cross-sectional area dimensions after hump

takedown using the PD procedure. e, f Postoperative angle and crosssectional area dimensions after hump takedown using the LD
procedure
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1.59 ± 0.23, with a significant mean change of 2.05° and
0.3 cm2 (p = 0.0163 and p \ 0.001, respectively), as
shown in Fig. 5a–d. For Group C, the postoperative mean
INV angle was 11.56° ± 2.12° and the CSA was
1.87 ± 0.23, with a mean change of - 0.2° and 0.02 cm2
(p = 0.437 and p = 0.331 for angles and SAs, respectively), as shown in Fig. 5a, b, e, f.

Discussion
Dorsal hump reduction is commonly performed in aesthetic
rhinoplasty. The cartilaginous and/or bony hump is generally amputated either en bloc or as separate segments [3].
This classic hump reduction technique is widely used
amongst facial plastic surgeons. While dorsal preservation
techniques, including the LD and PD technique, have been
historically described and used, they have not been as
widely adopted by the surgical community. However, there
has been a recent resurgence of these techniques in part due
to the perception of improved dorsal aesthetic contour
relative to classic hump reduction techniques. In addition,
this technique preserves the keystone area, and this may
have implications for integrity of the nasal framework.
Optimizing surgical techniques that maximize cosmetic
outcomes while minimizing airway narrowing is imperative in rhinoplasty. Some have suggested that dorsal
preservation methods better preserve the nasal valve,
though there is to our knowledge no study to that effect. In
light of this, in addition to the growing interest in DPR, this
study was performed to assess the differences amongst
hump reduction techniques as they pertain to INV
dimensions.
The INV corresponds to the highest resistance in the
nasal airway and is bounded by the following landmarks:
(1) upper lateral cartilage (ULC) caudal edge laterally, (2)
the head of the inferior turbinate posterolaterally, (3) the
bony nasal floor inferiorly and (4) medially by the cartilaginous nasal septum [26]. There is no consensus on the
best methodology for measurement of the INV and its
clinical relevance and correlation with nasal airway
symptoms. Previous studies have shown poor correlation
between acoustic rhinometry (AR) and measures of the
INV angle [27], and between AR and subjective symptoms
[28].
In the present study, the INV was assessed using CT
imaging. Accuracy of CT scanning for objectively assessing the INV angle was first introduced in 1983 [3, 29], and
further investigations have shown correlation between the
INV CSA and postoperative patient satisfaction [30, 31].
At the level of the INV, a coronal cross section perpendicular to the hard palate (traditional coronal plane) is
different and less accurate from a section at the estimated
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acoustic wave arc. The later section proved to correlate
better with the original description and values [32] of the
INV [22]. This was first described by Cakmak et al. [33],
who correlated the CT findings with AR, manually tracing
the estimated arc. This reformation was again evaluated for
its correlation with clinical findings and relevance during
anterior rhinoscopy and described to be similar to photography of the nasal base; hence, it was named the ‘‘nasal
basal view’’ [22, 23]. This was clinically used in rhinoplasty to assess the INV previously [23] and showed high
correlation with both subjective and objective (AR) data
[22, 33, 34]. This method has also been well validated in a
former study showing high inter-rater reliability [21, 22].
The impact of reductive rhinoplasty on nasal airway has
long been a debate, with variable outcomes and tools utilized amongst surgeons [35–38]. Some authors reported
decrease in subjective and objective outcomes after
osteotomies in rhinoplasty [38–40], while others reported
no effect or even improvement in airway patency [35, 37].
Although Guyuron [40] has argued that high-to-low
osteotomies in a cadaveric study resulted in the least narrowing of the nasal passage, Grymer et al. [38] demonstrated that lateral osteotomies decrease the anterior
dimensions of the nose. Both studies utilized acoustic
rhinomanometry. Grymer reported that total INV CSA
showed more than 11% reduction, with 15% reduction at
the level of the pyriform aperture postoperatively. In their
cadaver study, Schlosser and Park demonstrated that
spreader grafts improve INV CSA on six cadavers [41],
which was repeatable clinically on patients when using
spreader grafts and flaps [37, 42, 43].
Although performing lateral osteotomies is involved in
hump reduction in most cases, limited data exist in regard
to the impact of hump reduction techniques on the nasal
airway [35, 44]. Our results show that hump resection with
autospreader flaps did not significantly reduce the INV
angle or CSA. This is clinically supported by findings of
former work by the senior author using validated patientreported outcome measures (PROMs) [45–49] assessing
nasal breathing when performing the conventional hump
resection on patients [35, 37]. Meanwhile, the PD DPR did
show significant reduction in both measured INV dimensions. This can be attributed to the pushed/overlapped
lower portion of the osteotomized lateral nasal wall into the
nasal cavity. Owing to the attachment and extension of the
ULC underneath the nasal side wall, this movement is
transmitted to the components of the INV. This leads to
narrowing of the valve that comprises the predominant
resistance of the nasal airway. Alternatively, the LD DPR
did not affect either the INV angle or the CSA. This may be
secondary to the lack of internal overlap of the nasal bone
and maxillary sidewall with resulting prevention of ULC
medialization.
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The popularity of DPR continues to grow as a means to
avoid complications after conventional hump reduction. As
the keystone area and the septal cartilage/ULCs attachment
are preserved, DPR avoids potential dorsal irregularities,
distortion of the dorsal aesthetic lines and the need for
midvault reconstruction. Within the DPR techniques,
however, it remains unclear if there is a difference in
aesthetic and functional outcomes between PD and LD.
The choice of procedure is largely dependent on the surgeon’s preference and potentially the amount of dorsal
reduction needed. When more hump reduction is needed
(reported to be more than 4 mm), a LD procedure is preferred to allow more hump descent, which can be arrested
in a PD by the inferior turbinate [12]. The present study, by
demonstrating a benefit of the LD relative to the PD in
regard to nasal valve dimensions, may have implications
for surgeons choosing between these options.
To our knowledge, this is the first study to evaluate the
impact of dorsal reduction techniques on the INV dimensions objectively. We also believe it is the first study to use
a validated radiological methodology in rhinoplasty to
evaluate the INV. However, several limitations are
acknowledged. Given the cadaveric nature of this study,
interpretation of the data suggesting INV narrowing with
the PD technique has limited clinical applicability. Future
studies in patients are therefore warranted as well as rhinomanometric studies. Moreover, whether the degree of
INV narrowing produced by the PD technique manifests as
clinically significant nasal obstruction needs to be assessed
using validated PROMs and is an area of ongoing research
at our centre. Currently, we are conducting prospective
studies in patients to evaluate subjective outcomes of the
DPR procedures that should be completed in next few
years. Finally, although the number of cadaver specimens
is relatively small, other cadaver studies have reported the
use of similar numbers (four–eight specimens) [41, 50–52].

Conclusion
This anatomical study provides analysis of the INV
dimensions after traditional hump reduction and DPR using
an objective validated tool. The impact of hump takedown
on the nasal airway must be considered, particularly at the
INV, as it contributes significantly to nasal resistance.
Hump resection with autospreader flaps and the LD procedure preserve the INV dimensions. Alternatively, the PD
procedure reduces the INV angle and CSA, with potential
implications on nasal obstructive symptoms. Future clinical
studies are needed to correlate our findings of DPR utilizing validated subjective PROMs [45, 46, 53], such as the
SCHNOS [54], in patients rather than in a purely
anatomical study.
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