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INTRODUCTION
Auricle reconstruction is among the most challenging proce-

dures in plastic and reconstructive surgery, lacking a universally 
accepted approach [1]. For the reconstruction to be deemed 
successful, the reconstructed ear must faithfully replicate the 
complex anatomical features, which include various convexities 
and concavities, precise size, symmetrical positioning, and ap-
propriate projection. Moreover, a well-vascularized skin flap is 
crucial to minimizing postoperative complications.

Over the past 70 years, plastic surgeons have developed sever-
al techniques for using rib cartilage in reconstructive frame-
works. Notable among these are the four-stage procedures by 
Tanzer and Brent [2,3], and the two-stage techniques by Nagata 
and Firmin [4,5]. Although costal cartilage is favored for its du-
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rability and lower infection rates in the hands of experienced 
surgeons, it can also cause complications such as chest wall pain 
and scarring, chest deformities, pneumothorax, and suboptimal 
aesthetic outcomes, including inadequate projection and carti-
lage resorption [6-8].

To address these limitations, a porous high-density polyethyl-
ene implant (Medpor; Porex Surgical Inc.) has been developed 
as an alternative to costal cartilage. This implant offers durable, 
long-lasting structural support and integrates well with sur-
rounding tissues. Since Wellisz et al. [9] first reported its use in 
auricle reconstruction, subsequent studies by Romo et al., Rein-
isch et al., Yang et al., and Berghaus et al. have demonstrated 
successful outcomes with polyethylene implants, despite initial 
concerns regarding alloplastic materials [9-14]. Unlike rib carti-
lage, Medpor eliminates the risk of chest wall complications 
and allows for earlier reconstruction. However, the use of tem-
poroparietal fascial flaps with a polyethylene implant carries a 
risk of hair loss, and due to its alloplastic nature, it is associated 
with a higher incidence of extrusion and infection.

Our study aims to evaluate and compare the outcomes and 
complication rates of autologous auricular reconstruction using 
costal cartilage versus alloplastic reconstruction using a poly-
ethylene implant. In this meta-analysis, we have defined PICO 
(population, intervention, comparator, and outcome) as fol-
lows: (1) Population: patients with congenital microtia; (2) In-
tervention: autologous auricular reconstruction using costal 
cartilage; (3) Comparator: alloplastic reconstruction using a 
Medpor implant; and (4) Outcomes: implant or cartilage expo-
sure, infection, hematoma, necrosis, and hypertrophic scars.

METHODS
A literature review was conducted using PubMed and Embase 
to retrieve articles published between January 2000 and June 
2024. The search strategy involved a combination of MeSH 
terms and keywords. Table 1 presents the detailed retrieval 
strategy for PubMed. An automated filter was applied to restrict 
the search to English-language articles involving human sub-
jects.

Inclusion and exclusion criteria
This meta-analysis included retrospective and prospective co-
hort studies, as well as case series. Case reports, letters, com-
mentaries, and opinions were excluded.

The patient population was comprised of individuals born 
with microtia or anotia. Studies that involved ear reconstruc-
tion for acquired deformities or traumatic injuries were exclud-
ed to avoid confounding variables. To date, there have been no 

randomized controlled trials that specifically compare autolo-
gous reconstruction to Medpor reconstruction in patients with 
congenital microtia or anotia.

Surgical methods were limited to autologous reconstruction 
with costal cartilage and ear reconstruction using polyethylene 
implants. Reconstructions that involved cadaveric costal carti-
lage, tissue-engineered cartilage, homografts, or prosthetic 
methods were excluded. Additionally, patients who had previ-
ously undergone total ear reconstruction or those undergoing 
concurrent canaloplasty were excluded to eliminate confound-
ing factors.

Studies that did not address postoperative complications or 
aesthetic outcomes were also excluded.

Data extraction
Two authors (YJK and ISY) conducted a systematic review, ini-
tially examining the titles and abstracts of the studies and ex-
cluding those deemed irrelevant. They then performed a full-
text review of the remaining articles, excluding any that did not 
meet the inclusion criteria (Fig. 1). After this selection process, 
they extracted specific data relevant to the topic from the arti-
cles that met the inclusion criteria. Complications were record-
ed only if explicitly reported and accompanied by the number 
of affected patients. If a particular complication was not men-
tioned in the studies, it was not included in the final calculation, 
rather than assuming an incidence of zero.

Statistical analysis
The summary statistics from 14 selected studies served as data 
points for the meta-analyses of postoperative complications and 
patient satisfaction. These studies differed significantly in terms 
of sample size and the specific complications assessed, which 
included cartilage or implant exposure, infection, hematoma, 
skin necrosis, and hypertrophic scars. Given this variability, a 

Table 1. Search strategy used in PubMed
Search Query

#1 Congenital Microtia[MeSH Terms]

#2 (microtia) OR (anotia)

#3 #1 OR #2

#4 Reconstructive Surgical Procedures[MeSH Terms]

#5 (((reconstructive surgical procedures) OR (reconstructive surgical  
procedure)) OR (reconstructive surgery)) OR (reconstructive surgeries)

#6 #4 OR #5

#7 ((((implant) OR (alloplast)) OR (Medpor)) OR (porous polyethylene))  
OR (polyethylene implants)

#8 (autologous) OR (Rib Cartilage) OR (cartilage grafts)

#9 #7 OR #8

#10 #3 AND #6 AND #9
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random effects model was utilized to accommodate differences 
in sample sizes and to offer a more conservative estimate of the 
pooled proportions [15].

The inverse variance method was employed to assign appro-
priate weights to each study, facilitating the calculation of 
pooled proportions and their corresponding 95% confidence 
intervals (CIs). The DerSimonian-Laird τ2 value, along with the 
I2 statistic, was used to quantify study heterogeneity [16,17]. 
Furthermore, the Freeman-Tukey double arcsine transforma-
tion was applied to stabilize the variance of extreme propor-
tions and to adjust them to more closely approximate a normal 
distribution, thereby rendering them suitable for further statis-
tical inference, such as the Z-test under normality [18].

Due to the lack of direct comparative studies on surgical out-
comes between autologous and polyethylene implant recon-
structions, we pooled the complication rates and patient satis-
faction proportions for each method separately. We then em-
ployed both the independent two-sample Z-test and the Co-
chran Q-test on the subgroups of surgical methods to ascertain 
if there were statistically significant differences in the rates of 
complications or patient satisfaction between the two recon-
struction techniques. Additionally, the Egger test of funnel plot 

asymmetry was performed to detect potential publication bias 
in the studies included in our meta-analyses of surgical compli-
cations and patient satisfaction outcomes [19].

All statistical tests were two-sided, and p-values less than 0.05 
were considered statistically significant. The analyses were con-
ducted using R version 4.3.2 (The R Foundation for Statistical 
Computing). Meta-analyses were performed using the “meta-
prop” function from the “meta” package in R software.

RESULTS
Literature inclusion
A total of 647 potential studies were initially retrieved for re-
view. After the exclusion of duplicates, non-English articles, and 
studies not involving human subjects, 453 articles remained. 
These articles underwent screening based on their titles and 
abstracts to assess their relevance to the topic, which narrowed 
the selection to 98 studies. Of these, 14 studies met the inclu-
sion criteria for meta-analysis [8,20-32]. Eight of these studies, 
encompassing 3,754 cases, focused on auricular reconstruction 
using autologous costal cartilage. Four studies, covering 118 re-
constructions, investigated the use of polyethylene implants. 

647 Records identified 
through database screening

453 Records screened

98 Reports sought for 
retrieval 

98 Full-text articles 
assessed for eligibility

14 Studies included in 
qualitative synthesis 

(meta-analysis)

Records removed before screening:  
43 Duplicate records removed  
63 Non-English  
88 Non-human subjects 

Records excluded:  
355 Not relevant

0 Reports not retrieved

Reports excluded:
22 Unrelated surgical technique
  9 Study includes non-congenital 

causes
19 Editorials, letters, 

commentaries, opinions, or 
case studies

15 Study includes revisional cases
  8 Different operations conducted 

simultaneously
11 Irrelevant evaluation indicators
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Fig. 1. PRISMA flow diagram. 
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Two studies directly compared the two methods, involving 196 
cases of autologous costal cartilage reconstruction and 194 cas-
es of polyethylene implant reconstruction. The characteristics 
of participants in each study are detailed in Table 2.

Meta-analysis results
From the 14 selected studies, meta-analyses were conducted on 
the proportions of five surgical complications: cartilage or im-
plant exposure, infection, hematoma, skin necrosis, and hyper-
trophic scars, as well as patient satisfaction. The pooled propor-
tions of these outcomes were compared between reconstruc-
tions using autologous costal cartilage and those using polyeth-

ylene implants.
The proportion of cartilage exposure in autologous recon-

struction was 0.008 (95% CI, 0.001–0.018) (Fig. 2), compared 
to 0.106 (95% CI, 0.070–0.147) for polyethylene implant expo-
sure in alloplastic reconstruction (Fig. 3). The difference in ex-
posure proportions (0.106–0.008= 0.098) between the two pro-
cedures was highly statistically significant, with a p-value of less 
than 0.0001. This significance was confirmed using either the 
Z-test under the normality assumption of the Freeman-Tukey 
transformed proportions or the Cochran Q-test for subgroup 
differences under a random effects model (Table 3). The infec-
tion rate in autologous surgery was 0.004 (95% CI, 0.001–0.009) 

Table 2. Summary of patient data

Study Surgical technique Total 
cases Male Female Age (yr), 

mean (range)
Right 
sided

Left 
sided Bilateral

Chen et al. (2017) [21] Single-stage alloplastic reconstruction with Medpor 6 4 2 7.6 (5–11) 5 1 0

Kludt and Vu (2014) [24] Three-stage alloplastic reconstruction with TE and Medpor 15 8 7 7 (6–12) NA NA 0

Wang et al. (2021) [28] Three-stage alloplastic reconstruction with TE and Medpor 70 54 14 12 (3–23) 34 32 2

Zhang et al. (2012) [30] Three-stage alloplastic reconstruction with TE and Medpor 27 18 9 9.2 (5–21) 10 17 0

Fu et al. (2019) [23] Two-stage modified Natata method or 3- or 4-stage  
modified Brent method with autologous costal cartilage

470 366 104 12.27±5.01 (6–32) 277 193 0

Li et al. (2018) [25] Two-stage autologous reconstruction with the modified 
Nagata method

1,427 797 553 NA 837 436 77

Badawy and Elshahat (2022) [20] Two-stage autologous reconstruction, utilizing vestigial 
cartilage

34 21 13 6.8 (5–12) NA NA 0

Ma et al. (2018) [26] Two-stage autologous reconstruction with the modified 
Nagata method

254 151 92 18.9±10.48 (6–62) 128 104 11

Zhang et al. (2009) [31] Two-stage autologous reconstruction with a modified 
combination of the Nagata and Brent methods

362 254 96 NA 199 139 12

Dashan et al. (2008) [22] Three-stage autologous reconstruction with TE 366 257 85 NA 207 135 12

Xing et al. (2018) [29] Three-stage autologous reconstruction with TE 738 443 240 9.12 (6–35) NA NA NA

Zhou et al. (2012) [32] Three-stage autologous reconstruction with TE 103 59 44 21.5 (16–43) NA NA 0

Constantine et al. (2014) [8] Four-stage autologous reconstruction 17 NA NA 8 NA NA NA

Two-stage alloplastic reconstruction with Medpor 17 NA NA 6.9 NA NA NA

Wang et al. (2021) [27] Three-stage autologous reconstruction with the  
modified Nagata method

179 76 74 12.0±2.5 (6–16) 59 62 29

Three-stage alloplastic reconstruction with TE and Medpor 177 78 72 12.3±2.4 (6–17) 58 65 27

TE, tissue expander; NA, not applicable.

Fig. 2. Meta-analysis of cartilage exposure with auricle reconstruction using autologous costal cartilage. CI, confidence interval.
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compared to 0.012 (95% CI, 0.000–0.049) in polyethylene im-
plant reconstruction, indicating a lower rate of infection for au-
tologous reconstruction, although this difference was not statis-
tically significant. Autologous reconstruction also had a lower 
proportion of hematoma with a pooled rate of 0.043 (95% CI, 
0.002–0.124) compared to 0.055 (95% CI, 0.001–0.161) in poly-
ethylene implant surgery, but this difference was not significant. 
In contrast, polyethylene implant reconstruction showed slight-
ly lower pooled proportions of skin necrosis and hypertrophic 
scars compared to autologous surgery, but these differences 
were also non-significant.

For patient satisfaction rates, the proportion of satisfied pa-
tients was 0.836 (95% CI, 0.808–0.863) in autologous recon-
struction, compared to 0.763 (95% CI, 0.675–0.842) in polyeth-
ylene implant reconstruction (Table 4). Although the Z-test and 
Q-test p-values of 0.076 and 0.081 did not reach statistical sig-
nificance at the 0.05 level, these relatively low p-values (p< 0.10) 

suggest borderline significance, indicating potentially higher 
satisfaction among those who underwent autologous recon-
struction.

Due to the varying sample sizes across the selected studies 
and the relatively small number of studies focusing on polyeth-
ylene implant reconstruction cases, the I² statistics for heteroge-
neity were often high. Consequently, the pooled estimates were 
calculated using a random effects framework and interpreted 
with this in mind. Publication bias was assessed using the Egger 
test for funnel plot asymmetry, as presented in Table 5. Certain 
specific complications, such as hematoma, skin necrosis, and 
hypertrophic scars, could not be evaluated due to the limited 
number of studies on polyethylene implant reconstruction. 
However, the p-values for the other factors analyzed did not 
suggest any publication bias in the studies included in our me-
ta-analysis.

Fig. 3. Meta-analysis of polyethylene implant exposure with auricle reconstruction using Medpor. CI, confidence interval.

Table 3. Meta-analysis results for complications

Complication Surgical 
methods

Random-effects model, 
rate (95% CI)

Pooled proportions 
(%)

I2 statistics 
(%)

p-value 
(Z test)

p-value 
(Cochran)

Framework exposure Autologous 0.008 (0.001–0.018) 0.8 80.2 <0.0001 <0.0001

Implant 0.106 (0.070–0.147) 10.6 0

Infection Autologous 0.004 (0.001–0.009) 0.4 54.8 0.147 0.153

Implant 0.012 (0.000–0.049) 1.2 42.9

Hematoma Autologous 0.043 (0.002–0.124) 4.3 87.1 0.759 0.727

Implant 0.055 (0.001–0.161) 5.5 57.6

Skin necrosis Autologous 0.013 (0.003–0.027) 1.3 87.9 0.829 0.830

Implant 0.000 (0.000–0.128) 0 NA

Hypertrophic scar Autologous 0.046 (0.010–0.105) 4.6 92.9 0.977 0.972

Implant 0.043 (0.009–0.120) 4.3 NA

CI, confidence interval; NA, not applicable.

Table 4. Meta-analysis results for satisfaction rate

Surgical 
methods

Random-effects model, 
rate (95% CI)

Pooled 
proportions 

(%)

I2 statistics 
(%)

p-value 
(Z test)

p-value 
(Cochran)

Autologous 0.836 (0.808–0.863) 83.6 68.3 0.076 0.081

Implant 0.763 (0.675–0.842) 76.3 50.9

CI, confidence interval.

Table 5. Egger test results
Evaluation 

indicators
Framework 
exposure Infection Hematoma Necrosis Hypertrophic 

scars
Satisfaction 

rate

Autologous 0.279 0.976 0.284 0.893 0.274 0.331

Implant 0.342 0.365 NA NA NA 0.377

NA, not applicable.
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DISCUSSION
There is no universally accepted treatment for auricle recon-
struction that meets all clinical and patient needs, as each 
method has its own set of advantages and drawbacks. Over the 
years, ear reconstruction has seen significant advancements, 
with improvements in surgical techniques and materials to bet-
ter address the challenges of auricular deformities.

This study aimed to compare the complication rates associat-
ed with ear reconstruction using autologous costal cartilage and 
polyethylene implants. For our meta-analysis, we intentionally 
selected studies published from the year 2000 onwards. Al-
though Wellisz et al. [9] introduced polyethylene implants for 
ear reconstruction in 1992, they did not gain widespread accep-
tance until the mid- to late-1990s due to concerns about allo-
plastic materials. By the 2000s, significant refinements to poly-
ethylene implants, advancements in surgical techniques, and 
additional research established Medpor as a viable option in ear 
reconstruction. Surgeons began to explore combinations of 
polyethylene implants with other techniques, such as various 
fascia flaps and tissue expanders, to improve implant coverage 
and reduce the risk of exposure [13,33,34]. Focusing on studies 
from 2000 onwards ensures methodological consistency by 
concentrating on relatively recent surgical techniques, provid-
ing more accurate and relevant comparisons across studies.

In categorizing the cases for this study, we focused on the ma-
terials used in the initial stage of ear reconstruction, regardless 
of any additional materials used in subsequent stages. For in-
stance, Zhang et al. [31] employed alloplastic materials such as 
bone cement in the second stage for ear elevation. In contrast, 
Ma et al. [26] primarily utilized autologous costal cartilage, oc-
casionally supplementing with Medpor nasal prostheses when 
the cartilage proved insufficient during the second stage. We 
categorized these cases under the autologous costal cartilage 
group if this material was employed in the construction of the 
initial framework. Given that the initial framework establishes 
the foundation for the final structural integrity and influences 
the long-term outcomes of the procedure, we considered it the 
most critical factor affecting the results and potential complica-
tions of the reconstruction process.

The results of our meta-analysis revealed no statistically sig-
nificant differences in the rates of infection, hematoma, skin 
necrosis, and scar hypertrophy between reconstructions using 
autologous costal cartilage and those using Medpor. However, 
there was a significantly higher rate of framework exposure as-
sociated with polyethylene implants (p< 0.0001). This outcome 
supports the existing concerns regarding the exposure risks of 
foreign materials in reconstructive surgery and underscores the 

persistent challenge of framework exposure in alloplastic ap-
proaches, despite significant advancements in surgical tech-
niques [11].

Analyzing patient satisfaction rates proved challenging due to 
the absence of standardized measurement tools and the vari-
ability in interpreting aesthetic outcomes across different stud-
ies. For instance, in a review of ten studies focusing on patient 
satisfaction, three utilized a four-grade scale (excellent, good, 
fair, poor), four adopted a three-grade scale (satisfied, accept-
able, unsatisfied), and three employed a 2-point scale (satisfied, 
unsatisfied). For neutral assessments such as “fair” or “accept-
able,” we adhered to the original authors’ classifications, catego-
rizing these as either satisfactory or unsatisfactory. Although 
the meta-analysis did not show a statistically significant differ-
ence between the two groups (p= 0.076), there was a noticeable 
trend of higher satisfaction rates in patients who underwent au-
tologous cartilage reconstruction.

A total of 14 studies involving 4,262 auricular reconstructions 
were included in this study. Of these, 3,950 cases involved re-
construction using autologous costal cartilage, while 312 cases 
used polyethylene implants. To our knowledge, this is the first 
meta-analysis to directly compare the outcomes of these recon-
struction techniques specifically in patients with microtia or 
anotia. However, several limitations should be noted. One pri-
mary limitation is the substantial difference in the number of 
cases between the two surgical methods. This discrepancy likely 
stems from the broader adoption and longer history of autolo-
gous costal cartilage surgeries compared to polyethylene im-
plant reconstructions, which have not yet achieved the same 
level of widespread clinical application. Although a large imbal-
ance in sample sizes may skew the results in favor of the more 
extensively studied method, we employed a random effects 
model to address these complexities, providing more generaliz-
able and realistic estimates, and effectively balancing the influ-
ence of studies with varying sample sizes.

Further limitations of this study include: (1) a scarcity of liter-
ature directly comparing the two surgical procedures; (2) a 
shortage of articles addressing hematoma, skin necrosis, and 
hypertrophic scars, which makes it impossible to determine 
statistical heterogeneity; and (3) limited racial diversity among 
the included studies, with 10 originating from China, one from 
Taiwan, two from the United States, and one from Egypt. This 
predominance of Eastern populations may restrict the applica-
bility of our findings to Western populations.

In conclusion, meta-analysis reveals that there is no statistical-
ly significant difference in postoperative complications such as 
infection, hematoma, skin necrosis, and hypertrophic scars be-
tween auricle reconstruction using autologous costal cartilage 
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and polyethylene implants. However, polyethylene implants 
were associated with a significantly higher rate of framework 
exposure. The technical challenges associated with alloplastic 
materials and implant exposure need ongoing attention and ex-
ploration to achieve safer and more reliable reconstruction out-
comes.
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