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Abstract

Obijective: Surgical repair of tympanic membrane perforations has been traditionally
performed with autologous soft-tissue grafts with high success rates. Newer allo-
grafts such as porcine small intestine submucosa (pSIS) have been employed as alter-
natives to minimize donor morbidity and surgical time, and in cases where
autologous tissue may not be available. The comparative anatomic and audiometric
success rates of these tissues is still unclear.

Study design: Retrospective case-control series of anatomic and audiometric out-
comes of autologous soft tissue versus pSIS graft for primary, isolated transmeatal
tympanic membrane repair.

Methods: Analysis of patients undergoing primary transmeatal tympanic membrane
repair with autologous soft tissue or pSIS. Patients with otorrhea, cholesteatoma or
retraction pockets, those who had cartilage grafts or ossicular reconstruction, and
revision procedures were excluded. Pre- and post-surgery air-bone gaps (ABG) and
pure tone averages (PTA) were compared. Graft success was defined as closure of
the perforation at 2-month follow-up visit.

Results: The success rate for both the autologous soft tissue and the pSIS arm is
93.8%. There was no statistical significance (p < .05) between the post-op ABG,
change in ABG, post-op PTA, change in PTA, or graft success rate between the two
groups with either lumped cohort or matched-pairs analysis.

Conclusions: pSIS grafts are effective for repair of tympanic membrane perforations
with hearing outcomes and graft success rates comparable to autologous soft tissue.
Lay summary: Repair of tympanic membrane perforations is traditionally done using a
soft-tissue graft harvested from the patient at the time of surgery. pSIS is a newer graft
material that is equally effective in terms of anatomical and audiometric outcomes.
Level of evidence: Level 3b.
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1 | INTRODUCTION

Tympanic membrane (TM) perforations can result in hearing loss and
tinnitus, and increase the risk of middle ear infections.* Surgical man-
agement with tympanoplasty is necessary for the repair of chronic per-
forations when mitigation of these complications is desired. This
surgery is commonly performed by either transmeatal or post-auricular
approaches with autologous fascia or loose areolar tissue harvested
from the temporalis muscle through the same or separate incision, or
with tragal perichondrium, when soft tissue grafting alone is employed.?
It can also be performed from an endoscopic approach with comparable
closure rates and hearing results.>™> Autologous grafts have had high
success rates, but may not always be the ideal choice due to the incon-
sistency in quality between patients and their nonoptimized structural
properties for sound conduction and prevention of TM retraction.®”
Furthermore, with transmeatal approaches, autologous tissues require a
separate, additional incision for harvest, with risk of increased pain,
scarring, hematoma formation, and infection.?

There are many types of non-autologous grafts and graft adjuncts
available to the surgeon, including paper patch, gelatin sponge, growth
factors, acellular dermal matrix, and acellular porcine small intestine
submucosa (pSIS) (BioDesign Otologic Repair Graft, Cook Medical,
https://www.cookmedical.com/products/96f4b36f-75f7-4ebf-aefO-
611faca117c8/).”? pSIS is an extra-cellular membrane tissue graft of
type | collagen and fibronectin that includes glycosaminoglycans,

chondroitin sulfate, hyaluronate, heparin, and dermatan sulfate.2%!

Isolated
tympanoplasty in

2010-2022 by a
single surgeon (245)

Revision, cartilage Exclusion of revision,

graft, or cartilage graft,
cholesteoma cholesteoma
(104) (141)

Transmeatal
approach with pre-
and post-operative

audiology (32)

Postauricular
approach (103) or
no pre- or post-op

audiology (6)

Autologous graft

pSIS graft (16) (16)

FIGURE 1 Flowchart of patient inclusion and exclusion criteria
starting with a list of 245 patients who had an isolated tympanoplasty
performed by a single surgeon. The included patients were separated
into two arms by the type of graft they received. Number of patients
in each group are displayed in parentheses. pSIS, porcine small
intestine submucosa

pSIS has been proven to be an effective repair option for tympano-
plasty in both animal and human studies.®”"1212 |t has been utilized as
graft material for vascular, skin, bladder, dura, and abdominal wall sites
and is shown to be well tolerated and easily integrated.!®121415
The main benefits of this non-autologous graft are that it is available
without the need for an incision, has no special storage requirements,
and is consistent and uniform.’®> Additionally, the current manufac-
turer supplies these in 6 or 9 mm diameter circular pieces and a
2.5 x 2.5 cm piece, giving multiple options for different surgical find-
ings while minimizing graft waste.'®

There is still no universally accepted “best” option for tympano-
plasty, as many of the graft materials have not been directly compared
to each other. A recent review article looked at the literature on non-
autologous graft materials for tympanoplasty including paper patch,
silk fibrin patch, steri-strip tape, gelatin, hyaluronic acid, growth fac-
tors, bacterial cellulose, protease-solubilized collagen, pSIS, and sili-
cone foil.” This review concluded that available data suggests that of
these grafts, pSIS has one of the highest success rates for chronic per-
foration closure. However, the authors noted that there is a need for

TABLE 1 Patient characteristics

Autologous soft

Characteristics tissue arm, n (%) pSIS arm, n (%)

Total patients 16 16
Race
White 8 (50%) 9 (56%)
Black 3(19%) 4 (25%)
Other 5(31%) 3(19%)
Sex
Male 7 (44%) 6 (38%)
Female 9 (56%) 10 (62%)
Age
<18y/o 7 (44%) 7 (44%)
2 18y/o 9 (56%) 9 (56%)
Mean, years 31.9 (8.5, 55.4) 30.8 (8.0, 53.5)

Size of perforation

< 50% 13 (81%) 14 (88%)

> 50% 3(19%) 2 (12%)
Etiology

Tubes 6 (38%) 9 (56%)

Traumatic 2 (12%) 2 (12%)

Infectious 2 (12%) 0 (0%)

Unknown 6 (38%) 5(31%)

Note: Continuous variables are described by mean (standard deviation)
and categorical variables are described by number (%). Sex refers to
biological sex at birth. Size of perforation was determined by subjective
visual measurement on physical exam. Etiology from tubes indicates
failure of spontaneous closure after tympanostomy tubes were extruded.
There is no statistically significant difference between the two groups,
with p > .05 in all categories.

Abbreviation: pSIS, porcine small intestinal submucosa.
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TABLE 2 Pre- and postoperative tympanoplasty outcomes variables

Autologous (h = 16) pSIS (n = 16) MD p*
Pre-op ABG (dB)
Mean 27 22 4 .30
(95% CI) (21, 33) (17, 28)
Pre-op PTA (dB)
Mean 35.0 333 1.7 71
(95% CI) (27.9,42.1) (27.6, 39.0)
Post-op ABG (dB)
Mean 6 6 0 >.99
(95% CI) (2,11) (1,12)
Post-op PTA (dB)
Mean 23.0 20.7 23 .63
(95% CI) (15.5, 30.4) (15.7,25.8)
ABG change (dB)
Mean 20 16 4 .38
(95% CI) (13,27) (9,22)
PTA change (dB)
Mean 12.0 12.6 0.6 .86
(95% CI) (7.4,16.7) (9.2,15.9)
Success rate (%) 93.8 93.8 0.0 >.99

Note: ABG was measured at 500 Hz and PTA was measured as an average of pure tone frequency at 500, 1, 2, and 3 kHz.
Abbreviations: ABG, air-bone gap; Cl, confidence interval; MD, mean difference; pSIS, porcine small intestinal submucosa; PTA, pure tone average.
*p-Value considered statistically significant <.05.
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FIGURE 2 (A) Preoperative audiometric data for patients who received an autologous soft tissue graft. (B) Preoperative audiometric data for
patients who received a pSIS graft. Pure tone average as calculated as the average of pure tone frequency at 0.5, 1, 2, and 3 kHz. Word
recognition score measured at 40 dB above the patient's speech recognition threshold or at their most comfortable level above that. dB, decibels;
pSIS, porcine small intestinal submucosa

future pSIS studies that rigorously report pre- and postoperative randomized control trial in a pediatric population. Comparable closure
audiometric thresholds. One study included in this review compared rates were found between the two groups. Audiometric data were

pSIS to autologous temporalis fascia for tympanoplasty in a not reported, but the author stated that there were no statistically
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FIGURE 3 (A) Postoperative audiometric outcomes for patients who received autologous soft tissue grafts compared to preoperative data.

(B) Postoperative audiometric outcomes for patients who received pSIS grafts compared to preoperative data. Pure tone average as calculated as
the average of pure tone frequency at 0.5, 1, 2, and 3 kHz. Word recognition score measured at 40 dB above the patient's speech recognition
threshold or at their most comfortable level above that. dB, decibels; pSIS, porcine small intestinal submucosa

significant audiometric differences between the groups.” Two studies
have reported the outcomes of the TM perforation repair in a single
pSIS graft arm. Yawn et al. found a 77.3% closure rate for primary sur-
gery and 100% after a single revision in a group of 37 adult and pedi-
atric patients. The patient group had heterogeneity in presentation
and surgical approach. The majority of patients also received a con-
comitant cartilage graft, which may have influenced the graft take
rate. Chen and Hsieh also found a high closure rate with pSIS in an
adult population with TM perforation related to simple chronic otitis
media.’® Both of these studies reported significant improvement in
postoperative air-bone gap (ABG).%18

While Yawn and Chen reported strong audiometric data in sup-
port of pSIS, neither study included a comparison group. D'Eredita's
study was a direct comparison between pSIS and autologous fascia
and found that the two groups had similar outcomes, but it was lim-
ited to a pediatric population and did not include the specific audio-
metric data. This study focuses on a patient population of both
children and adults to compare the effectiveness of pSIS with autolo-
gous soft tissue grafts for chronic TM perforation repair regarding
anatomical and audiometric outcomes. We hypothesize that pSIS is
equally effective in both outcome measures for tympanoplasty.

2 | MATERIALS AND METHODS

The charts of all patients who underwent a primary isolated tympano-

plasty performed by a single surgeon at a tertiary care institute

between December 2010 and April 2022 were reviewed. The proto-
col was determined to be exempt from institutional review board
(IRB) approval under 45 CFR 46.101(b) from IRB review. Patients
were selected by a record search for a sole CPT code of 69631.
Patients undergoing simultaneous mastoidectomy were excluded. A
total of 245 patients were retrieved. Revisions, use of cartilage or
composite cartilage-perichondrial grafts, and patients with cholestea-
toma were excluded, as were patients with active otorrhea, leaving
141 patients. The patient pool was then narrowed further to only
include surgeries performed via a transmeatal approach. Of those final
38 patients, 18 of the repairs were grafted with Biodesign pSIS (Cook
Medical) and 20 with autologous soft tissue. Autologous grafts
included temporal fascia and tragal perichondrium. All grafts were
placed with an underlay technique. Only patients with follow-up at
least 2 months post-operatively and available pre-operative and post-
operative audiologic testing results were evaluated, which included
16 pSIS patients and 16 autologous soft tissue patients. (Figure 1).
For each patient, data on the patient's age at surgery, approximate
size of their perforation, pre-operative audiology data, post-
operative audiology data at their 2-month follow-up, and success of
the surgery at the 2-month post-operative follow-up were col-
lected. Audiology outcomes were measured by ABG at 500 Hz,
pure tone average (PTA) of 500, 1000, 2000, and 3000 Hz, and
word recognition score (WRS). Pre-operative WRS that were not
calculated during audiometric testing were reported as the same
percentage as the post-operative finding. Audiometric data were
presented according to 2012 American Academy of Otolaryngology
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- Head and Neck Surgery consensus guidelines.'? Anatomic suc-
cess was defined as no perforation visible on otomicroscopic exam
of the TM.

The primary outcome was defined as graft take success rate, and
secondary outcomes were the audiometric variables of post-operative
ABG, change in ABG between pre-operative and post-operative test-
ing, post-operative PTA, and change in PTA difference between pre-
operative and post-operative testing. The success rates between the
groups were compared by two-tailed Z-test. The variables and mean
audiometric outcomes between the two groups were compared by a
two-tailed, unpaired Student's t test. Differences were considered sta-
tistically significant at p < .05.

A matched pairs analysis was also performed for each outcome
measure. Thirteen pSIS patients were matched to 13 autologous soft
tissue patients by age group <18 versus >18 years old, perforation
size of <50% versus >50% of the TM, and pre-operative ABG within
10 units. The outcomes from the matched groups were compared by
a two-tailed paired T test.

3 | RESULTS
The study group included 32 patients—16 in the autologous soft tis-
sue arm and 16 in the pSIS arm. The patients ranged from 5 to
65 years old and had perforations ranging from 20% to 55% of their
total TM area. Patient and TM perforation characteristics are shown
in Table 1. Audiometric data are summarized in Table 2 and
Figures 2-4. These were no statistical difference between the success
rate or audiometric outcomes between the two graft groups.

For the matched pairs analysis, 13 autologous soft tissue patients
were individually paired with the 13 pSIS graft patients based on age,

30
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Audiometric outcome

m Autologous @pSIS

FIGURE 4 ABG change and PTA change from pre- to
postoperative audiometric testing for the autologous soft tissue (solid)
and pSIS (striped) graft groups. ABG was measured at 500 Hz and
PTA was measured as an average of pure tone frequency at 0.5, 1, 2,
and 3 kHz. Error bars represent 95% confidence interval. ABG, air-
bone gap; pSIS, porcine small intestinal submucosa graft; PTA, pure
tone average

size of perforation, and pre-operative audiometric testing. The results
(not shown) were comparable to the results by lumped cohort analysis

with no significant differences between the two groups.

4 | DISCUSSION

This study investigated the use of pSIS graft through a retrospective,
case-control series of anatomic and audiometric outcomes of autolo-
gous soft tissue versus pSIS grafts for primary, isolated transmeatal
TM repair. The two groups had similar characteristics with comparable
age, size of perforation, etiologies, and pre-op ABG. The data from
the current study show that there is no statistically significant differ-
ence between post-op ABG, post-op PTA, change in ABG, or change
in PTA between the two graft groups. There is also no significant dif-
ference between success rate, as defined as no evidence of perfora-
tion at follow-up. The success rate for autologous soft tissue was
93.8% and the success rate for pSIS was 93.8%, with one unsuccessful
repair in each group.

Compared with using autologous soft tissue, there is no additional
incision or harvest time required for the pSIS graft. It is immediately
accessible off the shelf with no special storage requirements, and is of
a consistent thickness, which is not the case with autologous soft tis-
sue grafts. Acellular dermal matrix (AlloDerm, Allergan Aesthetics,
AbbVie, https://hcp.alloderm.com/portfolio), is another commonly
used manufactured graft.” This graft option is available in a more lim-
ited number of sizes, often resulting in graft waste when used for
small surgical sites such as the TM, and can vary in thickness. The pSIS
grafts are supplied in in 6 or 9 mm diameter circular pieces and a
2.5 x 2.5 cm piece, allowing for more flexibility in choosing an appro-
priate size while limiting waste.'® Compared with the commercially
available acellular dermal matrix graft, pSIS is of uniform thickness,
has easier handling characteristics, can be used dry or rehydrated, and
can be stored on a shelf in the OR suite rather than a blood bank. It is
a reliable and advantageous graft option.

Overall, this study found similar success rates for pSIS compared
to previously published studies. D'Eredita had a closure rate of
96.3% in the pSIS arm at 6 months post-op in a pediatric population.
Surgical time was found to be decreased with the use of pSIS.t”
Yawn et al. had a 77.3% closure rate for primary surgery with pSIS
and 100% after a single revision in a group of adult and pediatric
patients, the majority of whom had concomitant cartilage grafting.®
Additionally, Chen et al. similarly noted a closure rate of 94.7% with
pSIS in an adult population.*® Similarly high closure rates were found
in both the pediatric and adult populations for primary isolated
tympanoplasty.

Ghanad et al. highlighted the need for studies that rigorously
report pre- and post-operative audiometric thresholds with the pSIS
graft.” They noted that the inclusion of these data can help surgeons
factor in the expected hearing outcomes when making a graft selec-
tion. Both arms in this study showed improvement in audiometric
testing post-operatively with comparable mean reductions in PTA
and ABG.
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The patients included in the autologous soft tissue and pSIS
arms had similar characteristics. They were almost equivalent in
group demographics of age, etiology, and size of perforation, and
had no statistically significant difference in pre-operative ABG mea-
sures. The analysis was also repeated and conducted as a matched
pairs analysis and a paired statistical test, with 13 patients in each
arm matched by age, size, perforation, and pre-operative ABG. The
matched pairs analysis showed similar results with no difference in
any of the outcomes between the two groups. Comparability of the
study cohorts was ensured with aggressive exclusion of any patients
with potential confounding factors to isolate graft related effects on
outcomes of primary TM repair. Furthermore, by limiting the study
groups to isolated, primary transmeatal surgery, uniformity of tech-
nique and underlying otopathology was maximized.

The main limitation of this study is the small sample size. Based
on the aggressive exclusion criteria and data collection from a single
institution by a single surgeon, 32 patients were included in the study,
increasing the possibility of type 2 error. To achieve a power of 80%
with a confidence level of 95% under the assumption that a 20% dif-
ference in graft success rate is clinically significant, a sample size of
approximately 60 patients in each study group would be needed. The
restrictive inclusion criteria were set and upheld despite the unfavor-
able effect on power in an effort to isolate graft related effects on the
anatomical and audiometric outcomes by eliminating confounders
associated with patients having a higher Bellucci classification, and to
optimize comparability between the two study groups. Another limita-
tion is the use of a single surgeon, which, while limiting the discrep-
ancy between surgeon performance, lowers the generalizability of the
results.

This study should be conducted with a larger sample size of
patients to confirm the similarity in anatomical and audiometric out-
comes between autologous soft tissue and pSIS grafts in tympano-
plasty surgeries. In addition, it can be repeated with multiple
surgeons at multiple institutions. A prospective randomized control
trial comparing the two graft options would of course be helpful to
increase the strength of the evidence. Furthermore, sub-analyses
can be conducted based on the etiology of the perforation to iden-
tify if etiology should play a role in the decision between the graft
options, and the graft comparison can be repeated for use in revision

cases.

5 | CONCLUSION

This retrospective case-control study at a single institution, shows
that pSIS grafts are as effective as autologous soft tissue for repair of
TM perforations based on anatomic and audiometric outcomes. There
is no statistically significant difference between the pSIS and autolo-
gous soft tissue outcomes as measured by audiometric data and clo-
sure rates after tympanoplasty in the patient population ranging from
5 to 65 years old. Pre- and postoperative audiometric data showed
significant improvement postoperatively for both graft groups, with

no statistical difference.

FUNDING INFORMATION
Partial funding for open access was provided by the University of
Maryland Health Sciences and Human Services Library's Open

Access Fund.

CONFLICTS OF INTEREST

The authors declare that there is no conflicts of interest to disclose.

ORCID

Pragnya Dontu = https://orcid.org/0000-0002-0037-6783

David Jeffrey Eisenman " https://orcid.org/0000-0002-8216-6535

REFERENCES

1. Gladstone HB, Jackler RK, Varav K. Tympanic membrane wound
healing. An overview. Otolaryngol Clin North Am. 1995;28(5):
913-932.

2. Choi N, Noh Y, Park W, et al. Comparison of endoscopic tympano-
plasty to microscopic tympanoplasty. Clin Exp Otorhinolaryngol. 2016;
10(1):44-49. doi:10.21053/ce0.2016.00080

3. Tan HE, Santa Maria PL, Eikelboom RH, Anandacoomaraswamy KS,
Atlas MD. Type | tympanoplasty meta-analysis: a single variable
analysis. Otol Neurotol. 2016;37(7):838-846. doi:10.1097/MAOQO.
0000000000001099

4. Tseng CC, Lai MT, Wu CC, Yuan SP, Ding YF. Comparison of the effi-
cacy of endoscopic tympanoplasty and microscopic tympanoplasty: a
systematic review and meta-analysis. Laryngoscope. 2017;127(8):
1890-1896. doi:10.1002/lary.26379

5. James AL. Endoscope or microscope-guided pediatric tympanoplasty?
Comparison of grafting technique and outcome. Laryngoscope. 2017;
127(11):2659-2664. doi:10.1002/lary.26568

6. Yawn RJ, Dedmon MM, O'Connell BP, Virgin FW, Rivas A. Tympanic
membrane perforation repair using porcine small intestinal submuco-
sal grafting. Otol Neurotol. 2018;39(5):e332-e335. doi:10.1097/MAQO.
0000000000001792

7. Ghanad |, Polanik MD, Trakimas DR, et al. A systematic
review of nonautologous graft materials used in human Tympa-
noplasty. Laryngoscope. 2021;131(2):392-400. doi:10.1002/lary.
28914

8. Scalise A, Calamita R, Tartaglione C, et al. Improving wound healing
and preventing surgical site complications of closed surgical incisions:
a possible role of incisional negative pressure wound therapy. A sys-
tematic review of the literature. Int Wound J. 2016;13(6):1260-1281.
doi:10.1111/iwj.12492

9. Fayad JN, Baino T, Parisier SC. Preliminary results with the use of
AlloDerm in chronic otitis media. Laryngoscope. 2003;113(7):1228-
1230. doi:10.1097/00005537-200307000-00022

10. Hodde JP, Badylak SF, Brightman AO, Voytik-Harbin SL. Glycosami-
noglycan content of small intestinal submucosa: a bioscaffold for tis-
sue replacement. Tissue Eng. 1996;2(3):209-217. doi:10.1089/ten.
1996.2.209

11. Lindberg K, Badylak SF. Porcine small intestinal submucosa
(SIS): a bioscaffold supporting in vitro primary human epidermal
cell differentiation and synthesis of basement membrane
proteins. Burns. 2001;27(3):254-266. doi:10.1016/s0305-4179
(00)00113-3

12. Spiegel JH, Kessler JL. Tympanic membrane perforation repair with
acellular porcine submucosa. Otol Neurotol. 2005;26(4):563-566. doi:
10.1097/01.ma0.0000169636.63440.4e

13. Basonbul RA, Cohen MS. Use of porcine small intestinal submucosa
for pediatric endoscopic tympanic membrane repair. World J Otorhi-
nolaryngol Head Neck Surg. 2017;3(3):142-147. doi:10.1016/j.wjorl.
2017.09.001


https://orcid.org/0000-0002-0037-6783
https://orcid.org/0000-0002-0037-6783
https://orcid.org/0000-0002-8216-6535
https://orcid.org/0000-0002-8216-6535
info:doi/10.21053/ceo.2016.00080
info:doi/10.1097/MAO.0000000000001099
info:doi/10.1097/MAO.0000000000001099
info:doi/10.1002/lary.26379
info:doi/10.1002/lary.26568
info:doi/10.1097/MAO.0000000000001792
info:doi/10.1097/MAO.0000000000001792
info:doi/10.1002/lary.28914
info:doi/10.1002/lary.28914
info:doi/10.1111/iwj.12492
info:doi/10.1097/00005537-200307000-00022
info:doi/10.1089/ten.1996.2.209
info:doi/10.1089/ten.1996.2.209
info:doi/10.1016/s0305-4179(00)00113-3
info:doi/10.1016/s0305-4179(00)00113-3
http://doi.org/10.1097/01.mao.0000169636.63440.4e
info:doi/10.1016/j.wjorl.2017.09.001
info:doi/10.1016/j.wjorl.2017.09.001

DONTU ET AL

Laryngoscope

2075

14.

15.

16.

17.

Spiegel JH, Egan TJ. Porcine small intestine submucosa for soft tissue
augmentation. Dermatol Surg. 2004;30(12 Pt 1):1486-1490. doi:10.
1111/j.1524-4725.2004.30507 .x

Cobb MA, Badylak SF, Janas W, Boop FA. Histology after
dural grafting with small intestinal submucosa. Surg Neurol. 1996;
46(4):389-393; discussion 393-394. doi:10.1016/50090-3019(96)
00202-9

Biodesign® Otologic Repair Graft. Cook Biotech. Accessed July
2, 2022. https://www.cookbiotech.com/products/biodesign-otologic-
repair-graft/

D'Eredita R. Porcine small intestinal submucosa (SIS) myringo-
plasty in children: a randomized controlled study. Int J
Pediatr Otorhinolaryngol. 2015;79(7):1085-1089. doi:10.1016/j.
ijporl.2015.04.037

18.

19.

Chen CK, Hsieh LC. Clinical outcome of exclusive endoscopic tympa-
noplasty with porcine small intestine submucosa in 72 patients. Clin
Otolaryngol. 2020;45(6):938-943. doi:10.1111/coa.13607

Gurgel RK, Jackler RK, Dobie RA, Popelka GR. A new standardized for-
mat for reporting hearing outcome in clinical trials. Otolaryngol Head
Neck Surg. 2012;147(5):803-807. doi:10.1177/0194599812458401

How to cite this article: Dontu P, Shaigany K, Eisenman DJ.
Anatomic and audiometric outcomes of porcine intestinal
submucosa for tympanic membrane repair. Laryngoscope
Investigative Otolaryngology. 2022;7(6):2069-2075. doi:10.
1002/1i02.963


info:doi/10.1111/j.1524-4725.2004.30507.x
info:doi/10.1111/j.1524-4725.2004.30507.x
info:doi/10.1016/s0090-3019(96)00202-9
info:doi/10.1016/s0090-3019(96)00202-9
https://www.cookbiotech.com/products/biodesign-otologic-repair-graft/
https://www.cookbiotech.com/products/biodesign-otologic-repair-graft/
info:doi/10.1016/j.ijporl.2015.04.037
info:doi/10.1016/j.ijporl.2015.04.037
info:doi/10.1111/coa.13607
info:doi/10.1177/0194599812458401
info:doi/10.1002/lio2.963
info:doi/10.1002/lio2.963

	Anatomic and audiometric outcomes of porcine intestinal submucosa for tympanic membrane repair
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	FUNDING INFORMATION
	CONFLICTS OF INTEREST
	REFERENCES


