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Abstract

Background: We sought to review our institution’s experience with dental implant placement in
free flap jaw reconstruction to determine factors impacting restoration of dental occlusion.

Methods: Exactly 48 patients underwent free flap jaw reconstruction with or without dental
restoration from 2017 to 2022. Primary outcome was achievement of restored dental occlusion
after jaw free flap reconstruction.

Results: A total of 48 patients with a mean age of 59.8 + 16.4 years underwent jaw
reconstruction from 2017 to 2022. Ten patients (20.8%) received osteointegrated dental implants.
Two patients received a temporary dental prosthesis, 12 + 4 months after initial reconstruction.
Three patients received a final prosthesis, with a mean time to final prosthesis of 17.7 + 12.4
months. Five patients did not receive any prosthesis despite placement of implants.

Conclusion: A minority of patients received dental implant placement with free flap jaw
reconstruction and only a small subset of these received a definitive dental prosthesis.
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11 INTRODUCTION

Surgical treatment of head and neck malignancy often results in debilitating defects of

the mandible and maxilla. These defects can have an enormous impact on an individual’s
dentition, speech, swallowing, nutrition, social functioning, and appearance. Consequently,
reconstruction aimed at restoring both form and function is paramount to preserving quality
of life after cancer treatment.

Numerous approaches to reconstruction have been used in these patients, including free
bone grafts, reconstruction plates, local flaps, regional pedicled flaps, and free tissue
transfer.2 Microvascular free flaps containing vascularized bone are the most effective at
restoring form and function and are the standard for most jaw reconstructions today.2 In
particular, the fibula free flap popularized by Hidalgo in 1989 has proved invaluable for
mandible and maxilla reconstruction.3

The ideal functional jaw reconstruction restores the jaw relationship, continuity, facial
contour, joint alignment, nasal patency, lacrimal function, and orbital integrity.1 A critical
component of oral rehabilitation involves the restoration of dental occlusion. Historically,
most jaw reconstruction has not included dental implantation. An analysis of 64 cases of
primary mandibular reconstruction published in 1991 demonstrated that only four patients
were able to wear a dental plate, all of whom had more limited resections confined to the
alveolus.? In a case series of jaw reconstruction using free fibulas in 31 patients published in
1998, only 16 patients received dental implants, all in delayed fashion.

In recent years, dental rehabilitation as a component of jaw reconstruction is increasing

in popularity, due in part to advances in technology and technique as well as

growing recognition that functional jaw reconstruction requires re-establishing dentition.
Osteointegrated implant technology has revolutionized dental occlusal reconstruction and
provides the most reliable method of dental rehabilitation in patients with jaw defects.1.6.7
Despite the successes of free flap reconstruction and osteointegrated dental implants, most
reconstructions do not establish timely functional restoration.8-10

The spectrum of jaw reconstruction with dental rehabilitation varies widely today. Many
patients never receive dental rehabilitation, and the resulting reconstruction leaves them
edentulous and requiring a soft diet for life.> For patients that do receive dental
rehabilitation, this has historically involved placement of osteointegrated implants in a
delayed fashion. A retrospective study published in 2017 involving 22 patients over 14
years found that most patients (#7=19) underwent dental implant placement as a secondary
surgery, which was performed 7-24 months (mean 11 months) after FFF reconstruction.11
Primary placement of dental implants at initial reconstruction was validated by Urken et
al. more than 20 years ago, but has only recently gained more widespread use, especially
in cancer cases.®12-14 This technique typically requires delayed secondary vestibuloplasty
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to expose the implants before placing a prosthesis. In 2013, Levine et al. demonstrated
proof of concept for jaw reconstruction with functional dental rehabilitation through a single
operation, a technique they called “Jaw in a Day” (JIAD).1® Although it has been nearly a
decade since the JIAD technique was introduced, it is rare for patients to receive immediate
dental implants or an immediate prosthesis at the time of initial surgery.10-16 At most
centers, dental rehabilitation usually requires 6-12 months before it is completed.’

We sought to review our institution’s experience with jaw reconstruction and our
progression toward advanced rehabilitation techniques, with attention toward barriers

to achieving timely dental rehabilitation. We present a cohort study involving 48 jaw
reconstructions with free tissue transfer to the mandible performed over a 6-year period,
of which only a small subset received dental rehabilitation as part of their reconstruction.

21 MATERIALS AND METHODS

Approval for this cohort study was obtained from the University of California San Diego
Institutional Review Board. The study population comprised of sequential cases of maxilla
or mandible reconstruction from September 2017 to June 2022, with most patients requiring
reconstruction due to malignancy. A manual record review in 54 subjects was performed

by three co-authors. Six patients who underwent free tissue transfer were excluded because
they did not undergo mandible or maxilla reconstruction. Demographic data, past medical
history, clinical history, operative details, post-operative course, and outpatient follow up
were reviewed in detail.

All jaw reconstructions were performed by the senior author. Primary outcome was
achievement of restored dental occlusion after jaw free flap reconstruction at most

recent follow up. Occlusion was defined by the presence of functional dental contact
between native teeth and dental prosthesis. Secondary outcomes included primary
placement of osteoingegrated dental implants, need for vestibuloplasty or intraoral flap
debulking, reconstruction (including flap) type, use of virtual surgical planning (VSP),

and complications including flap failure. Dental implantation was offered on a case-
by-case basis depending on the patient’s pre-operative clinical and functional status,
anticipated surgical defect and reconstructive approach, treatment motivations, and financial
considerations. Given our experience, this translated to patients receiving mandible
reconstruction with fibula free flaps who had the financial means, as dental care is frequently
not covered by medical insurance. Statistical analysis was performed using Microsoft Excel
and Stata.

31 RESULTS

The cohort characteristics, including patient demographics and surgical characteristics, are
detailed in Table 1. Forty-eight patients with a mean age of 59.8 + 16.4 years underwent
free flap reconstruction of the mandible or maxilla from September 2017 to June 2022.
Thirty-seven patients (77.1%) had active malignancy, and 11 patients (22.9%) underwent
jaw reconstruction for other indications, most commonly osteoradionecrosis. Thirty-two
patients (66.7%) were male. Mean body mass index (BMI) was 27.9 + 7.5 kg/m2. The
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most common comorbidities were hypertension (43.8%), tobacco use (25.0%, >10 pack-year
history), and diabetes mellitus (14.6%). A third (35.4%) had a history of prior chemotherapy,
radiation, or both. Patients who underwent jaw reconstruction who did not have an active
malignancy were more likely to have a history of prior adjuvant therapy (72.7% vs. 24.3%, p
= 0.003). Hyperbaric oxygen therapy (HBOT) was administered before surgery in 18.8% of
cases, more commonly in patients without active malignancy (63.6% vs. 5.4%, p < 0.001).

In terms of dental implantation, osteointegrated implants were placed at the time of initial
reconstructive surgery in 10 patients. Those receiving implants tended to have younger age,
male sex, and lower BMI.

Surgical characteristics and post-operative course are summarized in Table 2. Isolated
segmental mandibulectomy (without external defect) was the most common surgical defect,
in 35 patients (72.9%)—which comprised 6 of the 10 patients (60.0%) receiving dental
implants. In our cohort, no maxillectomy defect cases received osteointegrated implants.
Virtual surgical planning (VSP) was used in 47.9% of cases. Of note, VSP was used in 9

of 10 patients receiving osteointegrated implants, at a significantly higher rate than for non-
implant cases (p = 0.003). An example of VVSP is illustrated in Figure 1. The fibula free flap
was most used for reconstruction (72.9%), followed by the osteocutaneous radial forearm
free flap (25.0%). All patients receiving dental implants had mandible reconstruction using a
fibula free flap. For these cases, the fibula was always oriented with the anterior aspect at the
alveolus, avoiding placement of implants posteriorly where the perforators are located. Mean
case length, including ablation or resection when applicable, was 482 + 173 min, with longer
case lengths for those with active malignancy (512 + 161 min vs. 381 + 181, p=0.02). Case
length for those receiving implants was not significantly longer (o= 0.19).

Mean hospital length of stay was 10.0 + 5.2 days and mean duration of follow up was 16.4 +
15.2 months. Length of stay was not significantly longer for those receiving dental implants
(p=0.28). Patients with malignancy had a significantly longer duration of follow up (18.6
+15.7 vs. 6.9 + 5.3 months, p=0.02), limited by study duration. Of those with cancer, 26
patients (61.9%) underwent adjuvant radiotherapy, with a mean time to radiation of 56.9 +
21.8 days, based on available data from 24 patients. Time to radiotherapy was not negatively
impacted by osteointegrated implant placement, with mean time to radiotherapy at 49.4 +
10.1 days versus 58.9 * 23.8 respectively, for the implant compared with the no implant
group (p = 0.40). Thirteen patients (27.7%) had post-operative HBOT, with significantly
more patients without active malignancy receiving this (= 0.08). HBOT was also common
in the implant group, with 70% receiving post-operative HBOT at some point during the
follow up period. Ten patients (25.6%) had cancer recurrence. Flap failure occurred in a
74-year-old male with multiple comorbidities (hypertension, coronary artery disease status
post percutaneous coronary intervention and coronary artery bypass graft surgery, chronic
obstructive pulmonary disease, chronic kidney disease, deep venous thrombosis, carotid
stenosis status post carotid endarterectomy, and transient ischemic attack) who developed
metastatic disease shortly after surgery. An additional patient had partial flap loss of the
skin paddle only that was treated with a split thickness skin graft, and this was not included
as a complete flap failure. Two patients required take backs to the operating room for
anastomosis revisions, both of which were successful. Infection occurred in 12 patients
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(25.0%). Exposed hardware occurred in 4 patients (8.3%) and hematoma/bleeding occurred
in 1 patient (2.1%).

Dental reconstruction characteristics and outcomes for the patients receiving osteointegrated
implants are detailed in Table 3. No patients underwent immediate dental rehabilitation with
prosthetic teeth. Ten patients (20.8%) received osteointegrated dental implants, of which all
were placed immediately at the time of free flap reconstruction. However, one patient had
four implants placed at the time of reconstruction with an additional two implants placed
during a second stage procedure at a later date. Five had reconstruction for malignancy

and five for osteoradionecrosis or benign neoplasm, with patients without active malignancy
more likely to receive implants (p= 0.02). Forty-two total implants were placed, and

a mean of 4.2 + 1.8 implants were placed per patient, with no significant difference

in the number of implants between groups (p = 0.35). Four patients (40.0%) underwent
vestibuloplasty or debulking to access the implants, 11 + 6.7 months after primary surgery.
Three patients had complications, all of which occurred in the malighancy group. One

had osteoradionecrosis with hardware infection that required removal of hardware, after
which the fibula reconstruction shifted position inferiorly resulting in extrusion of one of
the implants through the neck skin. Another had recurrent infections ultimately requiring
hardware removal, and the third had poor osteointegration of several implants. Two patients
received a temporary dental prosthesis, 12 + 4 months after jaw reconstruction. Three
patients received a final prosthesis, with a mean time to final prosthesis of 17.7 + 12.4
months. These prostheses were functional and allowed patients to eat a normal diet. Of
these, two never received a temporary prosthesis. Two patients had non-implant supported
removable partial dentures. Five patients did not receive a prosthesis despite placement of
osteointegrated implants at the time of initial surgery, due to multifaceted issues including
loss to follow up, inability or unwillingness to pay for additional dental care.

In summary, 5 of 37 patients (13.5%) with malignancy and 5 of 11 patients (45.5%) without
malignancy received implants at the time of surgery. To our knowledge, no patients in our
cohort had implants placed in a delayed fashion. Exactly 38 of 48 patients (79.2%) never
received dental implants. Only 3 of 48 patients (6.3%) received a final dental prosthesis,
accomplishing functional occlusal dental reconstruction.

41 DISCUSSION

As we have pursued advanced dental reconstruction through our practice at a National
Cancer Institute (NCI)-designated Comprehensive Cancer Center, we have learned a great
deal. In this cohort study of 48 patients undergoing jaw free flap reconstruction, 10 patients
received osteointegrated implants at the time of initial reconstruction, and only 3 ultimately
received a final prosthesis (6.3% of total, 30% of implanted patients). Interestingly, even
among the small portion of patients who received osteointegrated implants (10 of 48 total),
less than half have had these implants used for temporary or permanent prostheses. Two

of the 3 patients who received a final prosthesis never received a temporary one, and

the time to receipt of either a temporary or final prosthesis was more than 1 year. These
figures highlight several challenges and barriers to occlusal dental rehabilitation. Due to
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these challenges, functional dental restoration remains largely aspirational at all but a few
specialized centers across the United States.

It is well established that occlusal reconstruction is a cornerstone of functional restoration.

It has been shown to improve masticatory efficiency, speech function, and patient-reported
quality of life.13.18 The advantages of immediate dental rehabilitation include a decrease in
the number of surgeries and expedited return to true form and function.0 Why, then, does

dental rehabilitation remain so elusive?

There are many barriers to dental rehabilitation, spanning technical, socioeconomic, and
logistical. Dental rehabilitation for complex jaw reconstruction requires specialized training
and multidisciplinary collaboration. Achieving proper spatial relationships during complex
reconstruction requires experience and careful planning.l In our experience, an occlusion-
driven reconstruction has the highest chance of accomplishing functional oral rehabilitation.

In our series, 20.8% of patients undergoing jaw reconstruction received osteointegrated
implants, all at the time of primary reconstruction. There have been concerns about placing
implants at the time of reconstruction due challenges with proper implant positioning,
concerns about achieving a water-tight closure and skin paddle survival, and reservations
about the integration rate of implants in patients receiving post-operative radiation. However,
these concerns have been allayed as immediate dental implant placement into vascularized
fibula flaps has been shown to be feasible and safe, for decades.?19 There may also be
benefits to immediate implantation with regards to improving patient nutrition and reducing
cachexia, especially through adjuvant treatment. Prior studies have noted improved quality
of life in head and neck cancer and edentulous patients who receive dental implants, as well
as reduced risk for malnutrition. However, the relationship between early implantation and
reduced cachexia in head and neck cancer patients receiving dental reconstruction has yet to
be fully established.20-22

The decision to proceed with osteointegrated implants in select patients in our

cohort was multifactorial and multidisciplinary. Among the 10 patients who received

them, half underwent reconstruction after oncologic resection, and the other half had
osteoradionecrosis or benign disease. These patients were offered implants based on their
baseline health status including comorbidities, their motivation and willingness to proceed
with dental implantation and subsequent follow up, and their ability to pay for the additional
procedure. At our institution, we do not plan for dental implantation into bone that has
already been irradiated, with a preference for implantation at the time of initial free flap
reconstruction. In all cases, the senior author oriented the fibula with the anterior aspect

at the alveolus, avoiding placement of implants posteriorly where perforators are located.
The bone reconstruction plan is the same for malignant and benign cases. We tend to

be more generous with the skin paddle for oncologic patients due to anticipated tissue
contraction related to adjuvant radiation. Additionally, the timing of vestibuloplasty to
access osteointegrated implants if buried under the skin paddle is different for benign versus
oncologic cases. For benign cases, implants can be accessed via vestibuloplasty 2 months
after initial reconstruction, but for malignant cases it is recommended to wait at least 4-6
months after the completion of adjuvant therapy.
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A significant overarching concern is financial. Dental implants are typically billed outside of
surgical fees and are usually not covered by dental or medical insurance. This necessitates
out of pocket expenses for the patient to cover the hardware, pre- and post-implant care,

and outpatient prosthetic charges. This remains a significant barrier to widespread use in the
United States.

Hyperbaric oxygen therapy can be a useful adjunct in patients with osteoradionecrosis or
poor healing perioperatively. In this cohort, 27.7% of patients underwent post-operative
HBOT, with this being more common in those who received osteointegrated implants (7 of
10 patients). Indications for HBOT included free flap salvage, poor wound healing, recurrent
infection, osteonecrosis, and osteomyelitis. Of the seven patients who received HBOT in
the osteointegrated group, three were patients who underwent surgery for malignancy,

with concurrent reconstruction and dental implantation. While there are concerns about the
impact on cancer recurrence with use of HBOT in patients with recently treated malignancy,
this treatment is often used to manage radiation-induced complications.23 The three patients
with malignancy who underwent HBOT in our cohort all had significant wound healing
issues after adjuvant radiation, with chronic recurrent infections and exposure of hardware.

Proper spatial arrangement of implants at the time of primary surgery has been improved
through virtual surgical planning (VSP), which has allowed for predictable fibula positioning
in ideal restorative positions.1® Through the digital V'SP process, surgery is planned and
simulated virtually then translated back to a physical plan that can be implemented in the
operating room through various tools and guides, such as medical models, cutting guides,
external fixators, and osteointegrated implant drilling guides.! In our cohort, virtual surgical
planning was used in 47.9% of cases. Notably, VSP was used at our institution in nearly all
(90%) of cases where osteointegrated were placed. However, of these approximately half of
the implants were placed using VSP guides, with the remaining implants placed free hand.
Over time, guided implantation was used more frequently as the team became more facile
with design and use of the implant guides.

Over the course of our own experience with dental implantation into bony free flaps, we
have learned several techniques and principles. One of the most important planning tips is
to abandon the mantra of putting the inferior edge of the fibula bone along the ideal lower
mandible contour. Instead, we place the fibula in a position that is more ideal for occlusal
restoration. This means that there will often be a step off along the anterior mandibular body,
where the native mandible is more inferior than the fibula. We aim to have 15-18 mm of
space between the superior surface of the mandible and the occlusal surface of the upper
dentition, which is decided with collaboration with the prosthetics team. Another important
point is to place the osteointegrated implant into the anterior surface of the fibula instead

of the posterior surface of the fibula. This necessitates using the opposite leg that would
ordinarily be used. We have also found it quite helpful to bring the septum up, laterally over
the plate, so that the natural pole of the scar creates a lateral gingivolabial or gingivobuccal
vestibule. Another technique we learned pertains to the process of vestibuloplasty. Initially,
when we returned to access the implants, we had some challenges because we did not place
a healing abutment on the implant, and therefore the metal was flush with the bone, making
it quite hard to identify and necessitating a much larger skin incision. We now use 4 mm
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healing abutments so that we can feel the location of the buried implants under the skin
paddle and either make a much smaller incision in the operating room to access them or
even use punch biopsy scalpel to remove the overlying skin and access them in clinic. It
can be particularly dangerous to make large incisions in the skin paddle, especially after
radiation, because that can lead to significant retraction of the soft tissue.

As for the effects of radiation, adjuvant radiotherapy has not been associated with decreased
rates of implant integration, with increasing evidence supporting immediate implantation in
this patient group.10:17:24-26 Until recently, most centers have elected to place implants after
adjuvant radiation, due to concerns about the potential for bone loss around the implants

or compromise of the flap skin island needed for oral lining replacement.2” These concerns
have largely been allayed through retrospective clinical reviews focused on early dental
implantation, with multiple institutions demonstrating equal or higher rates of implant
survival, similar complication rates, improved quality of life, and no delays in initiation

of adjuvant radiation.14:25-27 Furthermore, delaying dental implantation leads to prolonged
dental rehabilitation time and risks of poor osteointegration or osteonecrosis in radiated
mandible bone. The risk of placing osteointegrated implants after radiation may actually

be higher than placing them in healthy, non-irradiated bone. Results in our cohort were

in agreement with this evolving paradigm. Of those that received implants in this study,

all were placed at the time of initial surgery, and this did not increase length of stay or

time to radiotherapy. Forty-two implants were placed, with three patients having implant
complications. One had osteoradionecrosis with hardware infection that required removal
of hardware, after which the fibula reconstruction shifted position inferiorly. Another

had recurrent infections ultimately requiring hardware removal, and the third had poor
osteointegration of several implants. Additionally, in our experience skin paddles and water-
tight closure can be obtained with immediate dental rehabilitation when designed properly.10

Even with occlusion-driven reconstruction and immediate placement of osteointegrated
implants, a dental prosthesis must be created to restore dental function. Until recently,
design and fabrication of a custom dental prosthesis took weeks to months to complete,

a delay that was deemed unacceptable, particularly in cancer patients. Yet by leveraging
point-of-care 3-dimensional (3D) printing, an immediate provisional dental prosthesis

can be fabricated and ready within 24 h of the VSP session.10 Consequently, the most
efficacious and timely methodology for restoring form and function of the jaw involves
immediate, occlusion-driven dental rehabilitation with osteointegrated implants and a
provisional prosthesis at the time of primary surgery. This “Jaw in a Day” technique,
which accomplishes functional jaw and dental reconstruction within a single procedure, is
made possible by leveraging emerging technologies including virtual surgical planning and
in-house 3D printing.10.17.19.24.25.28

In this series, we did not attempt “Jaw in a Day” reconstruction. The two patients that
received a temporary dental prosthesis did so 12 + 4 months after jaw reconstruction. Three
patients received a final prosthesis, with a mean time to final prosthesis of 17.7 + 12.4
months. Of these, two never received a temporary prosthesis. These numbers highlight a
key area for improvement in our workflow, with unacceptable delays to receiving custom
dental prosthetics, even temporary ones. Our current workflow involves collaboration with
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affiliated dental surgeons and outsourcing of the dental prosthetic from a remote fabrication
facility. This combined with the logistics and challenges of ongoing cancer treatment,

as well as the potential for complications related to surgery or recovery from treatment,

can all lead to significant delays. Additionally, no patients in the cohort received delayed
osteointegrated implants, which may be related to practice patterns or limitations at our
institution and represent another area of improvement.

This study has several weaknesses. The experience of a single surgeon at a single institution
is reviewed, which carries inherent biases and limits generalizability. The study was
retrospective and based on chart review, and the sample size of patients who underwent
dental implantation was small. Therefore, only descriptive trends and inferences could be
made. Regardless, the experience presented here is valuable for reviewing a real-world

jaw reconstruction experience and understanding the barriers toward achieving dental
rehabilitation in jaw reconstruction.

Even with many challenges, the importance of functional occlusal reconstruction for

those requiring jaw reconstruction cannot be overstated. The technology and workflow to
accomplish prompt and efficacious dental rehabilitation is established, accessible, and is
not cost prohibitive. We strive to make these techniques better understood and more widely
available so that more patients can maintain their quality of life after life-altering surgical
resections.

51 CONCLUSION

A minority of patients received dental implant placement with free flap jaw reconstruction
and only a small subset of these went on to obtain a definitive dental prosthesis. There are
many challenges to achieving dental rehabilitation, and additional efforts to understand and
overcome patient, institutional, and systemic barriers are needed.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding author
upon reasonable request.
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VSP* Reconstruction
Virtual Surgical Planning

Traditional Mandible Guide Detail

FIGURE 1.
Example of a mandibular reconstruction utilizing a virtual surgical plan (VSP),

osteointegrated dental implants, and a dental prosthetic for a neoplasm of the right
mandibular body. (A) Virtual Surgical Plan with free fibula flap cutting guides and custom
reconstruction plate. (B) Placement of osteointegrated implants into fibula free flap bone.
(C) Post-operative photograph of the mandibular reconstruction before vestibuloplasty to
expose the implant posts. (D) A custom dental prosthetic is fastened to the exposed
osteointegrated posts, restoring functional dental occlusion.

Head Neck. Author manuscript; available in PMC 2024 June 01.



Page 13

Ostrander et al.

Author Manuscript

‘U IUBIS A|[eonsiiels aJe senjea pjog . aloN

@) oso=d (kzen)s  woon)y @) T000>d  (%9€9) L (%) (%881)6 LogH Joud
X ezo=d (6918 2T (%0095 (EY)eooo=d (%L2L) 8 (weve)6  (%vGe) LT Adesayp ueanfpe-oaN
(is17) ze0 =d S0F6C  S0FLT (s 060=d y0¥8C S0¥8C G07FE8T $S8|0 VSV

X ego=d (we'2)e (%001 T X ero=d (%v'9) 2 (%z'8T) 2 (%€8) ¥ ewyise/adod

A szo=d (%50T) ¥ wo0)o ) eso=d (%16) T (%18) € (%e8) ¥ 95351p LEaH

A vro=d ev8D) L (wo0)o  EMero=d %000  (%68T) L  (%9VT) L sajeqelq

X eLo=d ©oLvy) 11 vor)y @A) 060=0  (wesr)s  (%zer) 9T (%8Er) 12 uoisuapedAH
sallIpigiow-0o
(%0000 (%001 T (%T16) T (%00) 0 (%121 asnqe |0yod|v
X goo=d (ke92) 0T (w002)z N S50=0  (wzen)z  (%022)0T  (%0'GZ) 2T (sieak-poed 0T<) Bupjows
A tro=d 17982 g9¥zse  Mwwo=d  ge¥gor  £8Fv8L  GLF6LZ W/B) INg
X) s00=d (6509) ez (%006)6 ) €90=0d  (wrz)8  (w6vA) vz  (%L2'99) 2E xas a[e
(sa17) 010 = OVTF8T9 CTc¥zeS (s97)960=d GITFG6S 9OTF¥6S vITF86S (sreak) abv
anead  (ge = u)sjuejduwi (or=u) anfeAad (Tr=u) (tg=u) 8y =u) solyde.foweq

feiusp oN sjue|dwi foueubiew  Aoueubie N relol
fewe@ ON
'SONIS1I19R.IRYD 1I0Y0D
T 319vl

Author Manuscript

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2024 June 01.



Page 14

Ostrander et al.

‘paniodal si Adesayrolpel 03 awi ueaw ayl yaiym Joy Aoueubijew pey sjusied g ‘dnoub yuejdwi sy uj “syusied 1 10} a|qe|iene elep uo paseq Adesaylolpes 03 awin cmm_\,_m

‘U IUBIS A|[eonsiiels aJe senjea pjog . aoN

(%5'01) ¥ (%0°01) T (%T16) T (%80T) ¥ (%¥'01) G arempuey pasodx3
(%v81) L (%0°09) § (%000 (wree)et  (%0Se) et uonoB4u|
(%92) 1 (%00) 0 (%00) 0 (%21 (%T2) T Buipss|g/eworewsH
(%92 T (%0°0) 0 (%00) 0 %L1 %WTDT gPnitey deid
M ero=d ) 9zo=d ®%T6)T  (%9T2)8 (%SL€) 8T SIUBNS 8SIAADY
M ero=d  (%eog) o1 (%00) 0 (%9'62) 0T 80UaLINJRY
@@ 1000=d  (%6z'91) 9 (%0°02) £ X so0=d (%0°09) § (%912)8  (%LL2) €T 10gH do-1sod
X ero=d (wree) et (%v'12) S M ero=d (%29T) T (%0'09) LT  (%0°Sv) 8T Adessypowayo Juenipy
Gsa1)oy0=d 8Ez¥6%8S TOTF 6y 812 ¥ 695 p(s/ep) Adesatpoipes 01 auitL
) 150=0  (%0'09) T2 (%r'TL) S & ooo>d (%00)0  (%ev) 9z (%6'19) 92 Adesaypoipel jueAnlpy
)ero=d gcTFyIT T8FEOT X zo0=d €GF69 LSTF98T 8V F09T (stpuow) dn mojjo} Jo uoneIng
(sa) gz0=d 9SF¥ 0T 0eFvg (181 vg0=0 TG¥/.'6 €GFT0T  2GF00T (sAep) Aess jo ypbusT
(sa) 6T0=0  ¥.T¥59¥ 29TF9vs  (911)200=d  T8TF18¢ TOTFCIS  ELTF28p (unw) wybus ssed
(%9 T (%00) 0 (%00) 0 (%221 %12 T nv
(%9'1€) 2T (%00) 0 (%T6) T (%L62)TT  (%0°Ge) 2T (4400) Wiealo} [e1pel SNOSUEINJ03ISO
(%8'59) 5z (%0°00T) 0T (%6'06) 0T  (%9°29) Gz  (%6'2L) S€ e|ngi4
) or0=d X zro=d adAy deyy sau4
G eo00=d  (%g9¢) v1 (%60°06) 6 M vzo=d (%9°€9) L (%eer) 9T  (%6'Ly) €C (dSA) Butuued eaibins [eniA
(%es) e (%00) 0 (%00) 0 (%6°6) (%zv)z Awopoauys ynm AwooaIxein
(%e9) ¢ (%00) 0 (%00) 0 (%6'9) ¢ (%ev) 2 Awoya||1xeN
(w6'2) € (%0'02) ¢ (%9'82) ¥ (%62)T (w01 g Awoya|ngipueliwaH
(%es) e (%002) ¢ (%evT) C (%6'5) ¢ (%€'8) ¥ 10349p [euIBIXd Ynm Awoloa|ngipuew [ejuswibos
(%€'92) 62 (%0'09) 9 (%9€9) L (wLSL) 82 (%62L)SE Awoyos|ngipuew feyuawbes
(M) veo=d M) 6c0=0d 103J3p JO U0I1RI0™
anfead (8e=u) ot =u) anpead (TT=U) (e =u) 8r=u) S9W021N0 [e91B IS
sjue|dwi sjue|dwi foueubiew  Aoueubie N relol
[eluep ON feiued ON
"S9W091N0 anlelado-1s0d pue sansualorIRYd [e1BINS
¢ 319vl

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2024 June 01.



Page 15

Ostrander et al.

"|N§SS3IINS BIAM UIIYM
10 410q ‘SUOISIARJ SISOLOISeUR 10§ Woos Buiyesado sy 0) syoeq axel palinbas syusied oM "papN|oul 10U SeM SIU) pue ‘1.l uiys ssausolyl 1jds & ylim pareast sem Jeyy Ajuo sjpped uiys ay) Jo ssoj deyy [ensed
pey jusiied [euonippe Uy "aseasip Jneiselsw gA| 9beis pue (3orlre J1Wayds] JusIsUe.) pue ‘AW0)daI91epUS POSed 1s0d SNIelS SISOUS]S PII0JeD ‘SISOGUIOIY) SNOUSA daap ‘aseasip AsupIy J1U0IYD ‘asessIp

Areuownd aAI9NIISCO J1UOIYD ‘OGO pue UONUBAIRIUI ATeuolod snoauelnalad 1sod snjeis asessip Alapie Areuolod ‘uoisusiiadAy) saiIpIgIowod ajdinw Yim ajew pjo-1esh-#7/ @ Ul palinddo ainjre} %_u_q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Head Neck. Author manuscript; available in PMC 2024 June 01.



Page 16

Ostrander et al.

Author Manuscript

"A19bans [eniur Jo awn ay} 1e syuejdwi payesBaru1081so Jo Juswade|d ayidssp
s1say1so.d e 818921 10U pIp sjuaied aAl4 "saimusp [eilied [eaowal payioddns juejdwi-uou pey sjuaied om] ‘sisayisoid Aresodws) e panladal JaAsu 0M] ‘asay} JO sIsayisold [euls e panladal siusied sauy 1N

‘lenowal arempJey Buriinbas Ajarewiiin U014l JUSIINISI Pey JaYIoUY “UIXS 03U
a1 ybnoJy siuejdwi 8yy JO U0 4O UOISNAXS Ul Burinsas AploLiagul uoiisod PayIys BINgl 8yl YOIYM I3} ‘aIempaey JO [eAOWa) palinbal eyl Uonoajul aiempJey Uim SIS0108UoIpeloalso pey usiied suQ

q

‘a1ep Jaje| & 1e a1npaood abels puodss e Buunp paoeyd sjuejduwi 0M) [BUOIIPPE U YA UOIIONIISUOD8I JO 81l 8y} 18 paoejd sjuejdwi noy pey juaired o,

M) 1ro=d

) ozo=d

() ogo=d

() eso=d
(sa17) ze0=d
(1sa17) se'0=¢

X zoo=d

LOFS0T
(%002) ¢
vFeT
(%00v) ¢
(%00) 0
90¥F/..L
(%0°09) €
(%00) 0
(%0'02) T
(%0°08) ¥

(%007 2
(%0°09) €

STFOE
072
(%00) 0
(%s'sy) §
(%s'sy) §

anead (G =u) Aoueubifew oN

0Fze
(%002) T
0

(%00) 0
(%009) €
0F12
(%002) T
(%0°02) T
(%0'0) 0
(%009) €

(%0°09) €
(%00v) 2

0ZF8Y
60F VT
(%00) 0
(%S€T) §

(%S€T) §
(G = u) foueubie W

VeTFLLT
(%0°0€) €
vFel
(%002) ¢
(%0°0¢) €
L9FTT
(%0°0%) ¥
(%0°0T) T
(%0°0T) T
(%0°02) 2

(%0°09) S
(%0°08)

8TFTVY
9072
(%00) 0
(%8'02) 0T
(%8°02) 0T
(0T =u) reroL

(sypuow) sisayrsoad feuty 03 swi|
oPanIBoal s1saysold [elusp Jeuly
(syauow) sisayisoid Asesodwiay 03 awil ]
pani1sdal sisayisoud [eyusp Aresodws )
cho_ao__anu juedw
(syauow) Aisejdojngnsen 03 awi |
Bupingap;Aisejdoingnsaa
a|qel oeg
Aines el
B
Juawade|d Jo uoiedo]
papino
puey 9.4
uswade|d Jo poysN
pade|d sjuejdwi Jo JaquinN
(ueaw) pasn syuawbas auog 4o JaquinN
phafeleq
uogal deyy Jo awn 1y
syuejdwi payesBaiulodlso

UO110N 11SU0D3 I eI

€31avl

Author Manuscript

*S9LLODINO PUE SONSIISOLIRYD UOIONISU0Da [RIusq

Author Manuscript

Author Manuscript

PMC 2024 June 01.

in

available

Head Neck. Author manuscript



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3



