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Abstract

BACKGROUND—The use of wide pore lightweight polypropylene mesh to improve anatomical 

outcomes in the surgical repair of prolapse has been hampered by mesh complications. One of the 

prototype prolapse meshes has been found to negatively impact the vagina by inducing a decrease 

in smooth muscle volume and contractility and the degradation of key structural proteins (collagen 

and elastin), resulting in vaginal degeneration. Recently, bioscaffolds derived from extracellular 

matrix have been used to mediate tissue regeneration and have been widely adopted in tissue 

engineering applications.

OBJECTIVE—Here we aimed to: (1) define whether augmentation of a polypropylene prolapse 

mesh with an extracellular matrix regenerative graft in a primate sacrocolpopexy model could 

mitigate the degenerative changes; and (2) determine the impact of the extracellular matrix graft 

on vagina when implanted alone.

STUDY DESIGN—A polypropylene-extracellular matrix composite graft (n = 9) and a 6-layered 

extracellular matrix graft alone (n = 8) were implanted in 17 middle-aged parous rhesus macaques 

via sacrocolpopexy and compared to historical data obtained from sham (n = 12) and the 

polypropylene mesh (n = 12) implanted by the same method. Vaginal function was measured in 

passive (ball-burst test) and active (smooth muscle contractility) mechanical tests. Vaginal 

histomorphologic/ biochemical assessments included hematoxylin-eosin and trichrome staining, 

immunofluorescent labeling of α-smooth muscle actin and apoptotic cells, measurement of total 

collagen, collagen subtypes (ratio III/ I), mature elastin, and sulfated glycosaminoglycans. 

Statistical analyses included 1-way analysis of variance, Kruskal-Wallis, and appropriate posthoc 

tests.
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RESULTS—The host inflammatory response in the composite mesh-implanted vagina was 

reduced compared to that following implantation with the polypropylene mesh alone. The increase 

in apoptotic cells observed with the polypropylene mesh was blunted in the composite (overall P 
< .001). Passive mechanical testing showed inferior parameters for both polypropylene mesh alone 

and the composite compared to sham whereas the contractility and thickness of smooth muscle 

layer in the composite were improved with a value similar to sham, which was distinct from the 

decreases observed with polypropylene mesh alone. Biochemically, the composite had similar 

mature elastin content, sulfated glycosaminoglycan content, and collagen subtype III/I ratio but 

lower total collagen content when compared to sham (P = .011). Multilayered extracellular matrix 

graft alone showed overall comparable values to sham in aspects of the biomechanical, 

histomorphologic, or biochemical end-points of the vagina. The increased collagen subtype ratio 

III/I with the extracellular matrix graft alone (P = .033 compared to sham) is consistent with an 

ongoing active remodeling response.

CONCLUSION—Mesh augmentation with a regenerative extracellular matrix graft attenuated the 

negative impact of polypropylene mesh on the vagina. Application of the extracellular matrix graft 

alone had no measurable negative effects suggesting that the benefits of this extra-cellular matrix 

graft occur when used without a permanent material. Future studies will focus on understanding 

mechanisms.
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Introduction

Lightweight polypropylene mesh used in the surgical repair of pelvic organ prolapse has 

been associated with significant mesh-related complications, most commonly mesh exposure 

and pain.1-4 Gynemesh PS (Ethicon, Sommersville, NJ), one of the most widely implanted 

polypropylene meshes, has been shown to induce a robust foreign-body response and 

degenerative changes in the vagina when implanted via sacrocolpopexy including a decrease 

in smooth muscle contractility and volume, a loss of mechanical integrity, a decrease in 

matrix structural proteins (collagen and elastin) accompanied by an increase in 

glycosaminoglycan (GAG) content, and an increase in the amount and activity of matrix-

degrading proteases.5-8

In theory, these negative effects could be overcome with the use of regenerative biomaterials 

either in combination with Gynemesh PS as a composite graft or alone with the elimination 

of permanent materials. However, given that the sacrocolpopexy is not an anatomical 

surgery and regenerative matrices are designed to restore or repair injured tissues in a site-

specific manner, it is not clear whether the use of a regenerative matrix in sacrocolpopexy 

surgery would be successful.

Products derived from extracellular matrices (ECM) have been widely adopted in tissue-

engineering applications and are considered a novel tool to facilitate tissue regeneration. It 

has been shown that these grafts, when placed in the appropriate micro- and loading 
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environments, can promote site-specific functional tissue remodeling by limiting destructive 

inflammatory responses, recruiting requisite cell populations including progenitor cells, and 

supporting cell attachment, proliferation, and matrix production.9,10

We chose to use MatriStem Surgical Matrix RS (MatriStem RS, ACell Inc, Columbia, MD), 

a noncross-linked degradable acellular porcine urinary bladder matrix, because it facilitates 

reconstructive remodeling of smooth muscle and connective tissue as shown in its 

application in cardiac defect repair, esophagus reinforcement, and chronic wound 

repairs.11-14 It is important to distinguish regenerative matrices such as MatriStem 

(noncross-linked) from biologic materials that have been chemically cross-linked (eg, 

Pelvicol, Bard, Murray Hill, NJ) to provide mechanical support similar to polypropylene 

mesh. Permanent cross-links can elicit more robust proinflammatory foreign-body responses 

resulting in encapsulation and fibrosis.15,16 Consequently, cross-linked matrices have been 

associated with comparable or increased complication rates relative to that for the 

polypropylene mesh in prolapse surgeries.17,18

In this study, we used a 2-ply MatriStem in our composite graft to counteract the 

degenerative changes induced by Gynemesh PS (referred to as Gynemesh going forward) 

with minimal impact on its mechanical properties. To evaluate the potential of using 

MatriStem alone in prolapse repair, we chose a 6-layered product (MatriStem pelvic floor 

matrix) with mechanical properties in the range of those of polypropylene mesh19 and 

slowed degradation rate for replacement by host tissue. We hypothesized that an ECM graft, 

via its innate antiinflammatory and regenerative properties, would limit the negative impact 

of Gynemesh, and/or act as a physical barrier between the native tissue and the mesh. We 

further hypothesized that an ECM graft alone would maintain/restore the structural and 

functional properties of the vagina and support a novel tissue bridge between the vagina and 

the sacrum. The Gynemesh-MatriStem composite and MatriStem alone grafts were 

implanted in a rhesus macaque model via sacrocolpopexy.6,7 The grafted vaginal tissues 

were evaluated 3 months after surgery.

Materials and Methods

Animals

Middle-aged rhesus macaques were maintained and treated according to experimental 

protocols approved by the Institutional Animal Care Use Committee of the University of 

Pittsburgh (no. 13081928). Age, weight, parity, and Pelvic Organ Prolapse Quantification 

(POP-Q) stage were collected prior to and after surgery. The POP-Q stage was evaluated 

according to a modified POP-Q examination.20

Surgical procedures

Sterile samples of Gynemesh, and 2-ply and 6-ply MatriStem Surgical Matrix were obtained 

and trimmed into straps appropriate for sacrocolpopexy (3-cm wide × 10cm long). 

Seventeen middle-aged parous rhesus macaques were implanted with a composite mesh 

comprised of Gynemesh plus 2-ply MatriStem (n = 9) or 6-ply MatriStem alone (n = 8) via 

sacrocolpopexy after hysterectomy (Figure 1). For the composite, the precut MatriStem, 
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trimmed to the size of Gynemesh, was sutured to the mesh with absorbable 3-0 Vicryl 

(Ethicon) before mesh insertion. At implantation, the composite mesh was placed with the 

MatriStem side facing the vaginal lumen, forming a layer between the Gynemesh and the 

vagina. The implantation and postoperative care were performed as previously described.6 

Twelve weeks after surgery, the graft-vagina complex (GVC) was harvested for functional, 

morphological, and biochemical analyses. Sham (animals underwent the identical surgery 

without mesh insertion, n = 12) and Gynemesh implanted (animals underwent the identical 

surgery with insertion of Gynemesh, n = 12) tissues, properly stored from a previous study,7 

were used for measurement of elastin content and collagen type III/I ratio. For 

histomorphometrics, biomechanical testing, collagen, and GAG content, previously 

published data on sham and Gynemeshimplanted vagina were used for comparison.6,7

Ball-burst test for biomechanical properties

The passive mechanical properties of GVC were determined by the ball-burst test.6 All GVC 

samples used for ball-burst testing were obtained from the posterior vagina. Fifteen samples 

from composite mesh (n = 7) and MatriStem alone (n = 8) groups were tested whereas 2 

GVC samples from the composite mesh group were too small to test (vagina in these 

animals was small). Structural properties including stiffness (N/ mm), ultimate load (N), 

ultimate elongation (mm), and energy absorbed (N/ mm) were determined.6 The 

contribution of soft tissues associated with the GVC was determined for ultimate load 

(loadtissue) and stiffness (ktissue) by sub-tracting the average corresponding values of 

Gynemesh obtained ex vivo.6 For samples that were grafted with MatriStem alone, the tissue 

contribution was equal to those values obtained for the entire complex. Since noncross-

linked ECM grafts degrade rapidly in vivo (10-ply 14C-labeled ECM was completely 

degraded by 3 months),21 we assumed that MatriStem grafts were completely degraded 

during the implantation period (3 months) and replaced by host connective tissue, and thus, 

the ECM graft did not contribute to the mechanical integrity at the time of tissue 

procurement.

Functional test for smooth muscle contractility

The contractile response to a single dose of potassium chloride (KCl, 120 mmol/L) was 

tested within 30 minutes of tissue harvest as described previously.22 To normalize for 

differences in tissue quantity, the data were expressed as force per tissue volume of each 

strip (mN/ mm3).

Immunofluorescent labeling of α-smooth muscle actin and in situ terminal 
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) labeling of cell apoptosis

GVCs were cryosectioned (7 mm) perpendicular to the longitudinal axis of the vagina. 

Hematoxylin-eosin and Masson trichrome staining were performed following 

manufacturer’s protocols (Sigma-Aldrich, St Louis, MO). For analysis, specimens were 

required to contain all layers of vagina, and those obliquely sectioned with subepithelium 

>1039 μm (mean of sham values that were sectioned perpendicularly plus 2SD) were 

excluded. One sample from composite mesh was excluded for not containing all layers of 

vagina.
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Immunofluorescent labeling of α-smooth muscle actin and in situ TUNEL labeling of 

apoptotic cells were used to measure thickness of the subepithelial and smooth muscle 

layers, and the percentage of apoptotic cells in each vaginal layer as previously described.7

Biochemical assays

Total collagen content and sulfated GAG content were measured as previously 

described,23,24 and expressed as percentage of tissue dry weight.

Mature elastin content was measured as the total content of desmosine and isodesmosine by 

ultra high-performance liquid chromography (UPLC).25 Briefly, hydrolyzed tissue was 

applied to Oasis mixed-mode cation-exchange (MCX) solid-phase extraction (SPE) columns 

(Waters, Milford, MA), and eluted with ammonium hydroxide/ water/methanol (10/40/50). 

Stock solutions of desmosine, isodesmosine, and S-[beta-(4-pyridyl)ethyl]L-cysteine (S-LC, 

internal standard) (Santa Cruz Biotechnology Inc, Dallas, TX) were diluted to series 

concentration to create standard curves. S-LC (2 μmol) was added to each sample and 

standards as an internal control. A total of 3 μL of the prepared samples and standards were 

injected onto a prepared Waters Acquity UPLC ethylene bridged hybrid (BEH) C18 column 

and monitored by measuring absorbance at 270-nm wavelength. The elution time of 

isodesmosine was 1.4 minutes, desmosine was 1.9 minutes, and S-LC was 2.4 minutes. The 

amount of mature elastin in each sample was represented by the sum of desmosine and 

isodesmosine normalized by that for bovine elastin (Sigma-Aldrich).

Ratios of collagen subtype III/I in the tissue of GVC were determined as previously 

described8,26 and calculated as a1(III) ×2/α1(I) ×3 normalized by the ratio of purified 

collagen I/III.

Statistical analysis

Sample size was determined using previously published mechanical data (ultimate load and 

stiffness) for sham and Gynemesh, in which at least 8 animals were needed in each group to 

achieve significance with a error of 0.05 and power of 0.80. Data were tested for distribution 

before statistical analysis. For normally distributed data, a 1-way analysis of variance was 

used followed by the appropriate post-hoc tests including Dunnett for comparison to sham 

and pairwise test using Bonferroni multiple comparisons procedure between all groups. For 

nonparametric data, Kruskal-Wallis was used to compare overall significance and Mann-

Whitney to compare between groups.

Results

Animals in the Gynemesh-MatriStem composite group were younger than those in the sham 

group (P = .007) but had similar parity, weight, and POP-Q scores (Table 1). Multivariable 

regression modeling showed that age did not impact any of the experimental outcomes (P > .

15) except the mechanical endpoint elongation at failure (P =.029), for which the results 

were subsequently adjusted for age. None of the animals in the study had prolapse beyond 

the hymen.
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Gross appearance

Gross inspection of samples implanted with the Gynemesh-MatriStem composite mesh 

revealed newly formed tissue on the surface of mesh. Gynemesh within the composite 

appeared flatter with open pores (Figure 2, A). This is in contrast to the collapsed pores, 

buckling, shrinkage, and poor tissue ingrowth observed in Gynemesh alone implanted 

specimens. The graft bridge extending from the vagina to the sacrum also appeared thicker 

and flatter with newly incorporated vascularized tissue in the composite as compared to 

Gynemesh alone. In the MatriStem alone group, a newly formed tissue bridge was present in 

all specimens extending from the vagina to the sacrum at the site where the original graft 

had been placed (Figure 2, B).

Histomorphology/morphometrics Overall, vaginal morphology improved in the Gynemesh-

MatriStem composite mesh as compared to Gynemesh alone. Microscopic appearance of the 

vagina implanted with MatriStem alone was not different from sham (Figure 3). In contrast 

to the pronounced infiltration of inflammatory cells and tissue destruction in the adventitia 

observed after implantation with Gynemesh (Figure 3), the amount and intensity of the 

inflammatory response in the Gynemesh-MatriStem composite group appeared to be 

decreased. The clustering of mesh fibers in Gynemesh as shown in Figure 3 is consistent 

with a mesh following implantation. The MatriStem alone group had little to no 

inflammatory cells in the adventitia with an appearance similar to sham.

Compared to the disorganization and thinning of the smooth muscle layer observed with 

Gynemesh, the composite showed an overall more orderly smooth muscle appearance and 

distribution (Figure 4). Semiquantitative measurements showed that the thickness of the 

smooth muscle layer in the composite was preserved with values similar to sham and 

increased 89% compared to Gynemesh (P < .001) (Table 2). MatriStem alone did not have a 

negative impact on the smooth muscle (Figure 4 and Table 2). Interestingly, the thickness of 

vaginal subepithelium in all groups was similar (P = .38) (Table 2), indicating that the 

primary impact was occurring within the muscularis. The variance observed in the thickness 

of subepithelium in individual samples may be due to the presence of vaginal folds/rugae.

Cell apoptosis

As compared with Gynemesh, for which implantation resulted in a significantly higher 

percentage of cells undergoing apoptosis than sham, the Gynemesh-MatriStem composite 

demonstrated an overall 83% decrease in the percentage of apoptotic cells (P = .009). 

Specifically, apoptotic cells decreased by 99% in subepithelium (P = .005), 96% in 

muscularis (P = .016), and 81% in adventitia (P = .016) (Figure 4 and Table 2). In the 

presence of MatriStem alone, the percentage of cells undergoing apoptosis in all layers was 

similar to sham and lower than Gynemesh (all values with P <.001) (Table 2).

Biochemical analysis of matrix proteins and ratio of collagen subtype III to I

Total collagen content in the Gynemesh-MatriStem composite group did not change 

significantly when compared to Gynemesh and remained approximately 18% lower than 

sham (P = .017) (Table 3). In the MatriStem alone group, collagen content was not 

statistically different from sham (P = .149) or Gynemesh (P = 1.000) (Table 3). The decrease 
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in the content of mature elastin observed following implantation with Gynemesh was not 

observed in the composite mesh or MatriStem alone (P = .64 and P = .09 as compared to 

sham, respectively) (Table 3). Similarly, the increase in GAG content (a marker of tissue 

injury) in the Gynemesh group relative to sham (P = .02) was not observed in the composite 

mesh group or MatriStem alone group (P = .65 and P = .875 as compared to sham, 

respectively) (Table 3).

Finally, the increased ratio of collagen subtype III/I observed following implantation with 

Gynemesh relative to sham (57% higher than sham, P < .001) was also present in composite 

mesh (28% higher than sham, P = .025) and MatriStem alone (43% higher than sham, P = .

01); however, the magnitude of the increase was less, indicating that MatriStem decreased 

the negative impact on the vagina.

Biomechanical properties

While the ultimate load at failure and the stiffness of Gynemesh-MatriStem composite mesh 

were not different from Gynemesh (P = .234 and P = .731, respectively), both the ultimate 

elongation and energy absorbed at failure in the composite mesh were increased by 33% and 

51% (P = .022 and P = .014, respectively) (Table 4). However, when adjusting for age, the 

difference in ultimate elongation was no longer present. Similar to Gynemesh, the estimated 

contribution of tissue alone to the overall load and stiffness (represented as loadtissue and 

stiffness [ktissue]) of GVC remained 45% and 75% lower in the composite than those for 

sham (P =.001 and P = .051, respectively). In the MatriStem alone group, all of the passive 

mechanical properties of GVC were similar to sham indicating an absence of a negative 

impact on the vagina (Table 4).

Vaginal smooth muscle contractility

The profound decrease in vaginal smooth muscle contractility observed following the 

implantation of Gynemesh did not occur in the Gynemesh-MatriStem composite group with 

values not significantly different from sham (P = .155) (Table 2). The results, however, were 

highly variable indicating a mitigation of the negative impact but not fully protective of 

vaginal smooth muscle function. With MatriStem alone, vaginal contractility was preserved 

with no difference from sham (P = .297) (Table 2).

Comment

MatriStem, when used in sacrocolpopexy as a composite mesh with Gynemesh, mitigated 

the host inflammatory response, decreased cell apoptosis, and had an overall protective 

effect on vaginal smooth muscle structure and function. In addition, MatriStem favorably 

impacted vaginal elastin content, collagen subtype III/I ratios, and GAG content. When used 

alone, multilayered MatriStem effectively formed a novel tissue bridge between the vagina 

and the sacrum. Thus, the multilayered graft, with out-of-the-package mechanical properties 

in the range of those of currently widely used polypropylene mesh, did not negatively impact 

the vagina.

In this study, 2-ply MatriStem decreased the infiltration of inflammatory cells surrounding 

Gynemesh in gross morphology and significantly suppressed overall apoptotic activity in the 
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vagina, signifying a reduced inflammatory response to the implant. Such results may be 

related to the immune modulation by the host in response to ECM grafts.15,27,28 Although it 

is not completely clear how MatriStem mitigates the intensity and duration of host immune 

responses to foreign materials, it has been suggested that ECM graft materials like 

MatriStem hasten the transition of macrophage phenotypes from a proinflammatory M1 

phenotype to a tissue-reconstructive remodeling M2 phenotype.15,28 A detailed study on the 

immune responses and macrophage dichotomization in the vagina following the 

implantation of composite mesh and MatriStem is ongoing in our laboratory.

Additionally, the degradation products from MatriStem are critical for tissue-constructive 

remodeling and recruitment of progenitor cells to injury sites to facilitate tissue 

regeneration.9 For example, the release of cytokines and growth factors, with basic fibroblast 

growth factor (bFGF) and transforming growth factor (TGF)-μ1 being the most abundant,29 

may play important roles in promoting cell proliferation, matrix production, and 

angiogenesis. These bioactive factors may account for at least some of the positive effects 

observed with MatriStem in the current study.

Smooth muscle forms a critical layer in the vaginal wall (vaginal muscularis) that is integral 

to structural integrity and function. With aging and the development of pelvic organ 

prolapse, this layer becomes thinned and/or functionally impaired.30,31 Our fiding that 

MatriStem, as a composite with Gynemesh or alone, preserved the morphology and function 

of muscularis is highly significant in that it suggests that MatriStem has the potential to 

protect/preserve the structural integrity and contractile function of the vagina. The beneficial 

effect of MatriStem may be derived from a less pronounced inflammatory response or 

reduced mechanical mismatches with loading, or MatriStem may simply be acting as a 

physical barrier. Indeed, a layer of collagen foil interposed between polypropylene mesh and 

viscera in hernia repairs considerably decreased the intensity of foreign-body reaction, tissue 

necrosis, and extent of adhesion.32 Further studies are needed to compare the impact of 

ECM used in sheets vs that applied as a coating to polypropylene similar to what has been 

done previously in a rat abdominal hernia model.33

Our fiding that the energy absorbed at failure was increased in the Gynemesh-MatriStem 

composite mesh relative to Gynemesh alone indicates that a tissue component in the 

composite mesh-implanted vagina allowed for more energy to be absorbed prior to failure. 

This biomechanical phenomenon may be attributable to the preservation of mature elastin 

content in the composite mesh as opposed to the Gynemesh-implanted vagina. The failure of 

the strength of the tissue to improve, as shown by the lack of a significant difference in the 

tissue contributions to ultimate load and stiffness in the composite mesh and Gynemesh, is 

consistent with the decreased collagen content in these 2 groups.

The primary limitation of the study is that only a limited number of animals was used in the 

composite mesh and MatriStem only groups due to the high expense of nonhuman primates. 

The relatively small sample size may reduce the predictability of the multivariable 

regression modeling. In our study, the only parameter that may have been impacted by age 

was elongation at failure as predicted by the model (P = .029). Yet, since there was no 

significant difference in elongation at failure between composite mesh and Gynemesh after 
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adjustment for age, the decrease of accuracy in predictability of multivariable regression 

modeling would thus not affect our conclusion. Secondly, it could be argued that absolute 

continuity between the 2 materials comprising the composite, ie, MatriStem and 

polypropylene mesh, is important to ensure that no separation of the 2 phases occurs when 

they are mechanically loaded. While it is unclear whether such a separation occurred in vivo, 

our in vitro testing of the composite mesh assembled as described did not show material 

separation under tensile loading conditions.

In conclusion, mesh augmentation with MatriStem attenuated the degenerative impact of 

Gynemesh on the vagina, particularly in regards to the vaginal muscularis. In addition, the 

application of ECM graft alone in sacrocolpopexy did not negatively impact the functional, 

morphological, and biochemical properties of the vagina. Future studies will focus on 

mechanisms.
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FIGURE 1. Surgical implantation of Gynemesh-MatriStem composite mesh and MatriStem via 
sacrocolpopexy
Surgical implantation of A, Gynemesh-MatriStem (2-ply) composite mesh and B, 

MatriStem (6-ply) via sacrocolpopexy in rhesus macaque.
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FIGURE 2. Gross morphology of graft-implanted vagina and graft bridges at 12 weeks 
postsurgery
A, Gross appearance of sham and graft-vagina complex after implantation via 

sacrocolpopexy at 12 weeks. Graft bridge describes portion of graft-tissue extending from 

vagina to sacrum. All images were shown with same scale with magnified portion below 

showing appearance of grafts following implantation. *Area where tissue ingrowth was 

poor. Arrows point to area showing mesh buckling and shrinkage with collapsed pores in 

Gynemesh and flat surface with open pores in composite. B, In vivo morphology of graft 

bridges (arrows) following implantation of Gynemesh-MatriStem composite mesh and 

MatriStem alone.
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FIGURE 3. Hematoxylin-eosin images of grafted vagina at 12 weeks postsurgery
Hematoxylin-eosin staining of vagina in sham and graft-implanted groups. For each group, 

upper image shows full-thickness vagina with epithelium placed on the left and adventitia on 

the right. Lower images show magnified portion of subepithelium (S), muscularis (M), and 

adventitia (A) of upper images. Arrows point to mesh area with intensified inflammatory 

response. Asterisk indicates mesh fiber occupied areas.
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FIGURE 4. IF labeling of vaginal muscularis and cell apoptosis following graft implantations
Immunofluorescent labeling of vaginal smooth muscle and apoptotic cells in sham and graft-

implanted vagina at 12 weeks postsurgery. Red represents positive labeling of α-smooth 

muscle actin; green overlapping blue represents positive labeling of apoptotic cells; blue 

represents labeling of nuclei; arrows point to mesh fibers. Solid line demarcates border 

between subepithelium and muscularis. Broken line demarcates border between muscularis 

and adventitia. Scales equal 1000 μm.
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TABLE 1

Demographics of nonhuman primates in study

Groups Age, y Parity Weight, kg POP-Q stage

Sham
a 14.5 (10.0, 15.0) 4 (2, 6) 7.5 ±1.3 0 (0, 1)

Gynemesh
b 13.0 (11.5, 14.0) 4 (2, 5) 7.9 ±1.6 0 (0, 0)

Composite
 8.0 (7.0, 11.0)

c 2 (2, 5) 7.7 ±1.8 0 (0, 0)

MatriStem 13.5 (12.0, 14.0) 4 (3, 4) 8.5 ±1.4 0 (0, 0)

P 
b   .049  .949  .597  .225

Composite: Gynemesh-MatriStem (2-ply) (n = 9); MatriStem: MatriStem (6-ply) (n = 8).

Data for sham (n = 12) and Gynemesh (n = 12) were obtained from previous study.7

Results are expressed as mean ± SD for weight or median (first quartile, third quartile) for age, parity and POP-Q stage.

POP-Q, Pelvic Organ Prolapse Quantification.

a
Historical data;

b
Overall comparison of P value among groups;

c
P < .05 compared with sham.
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TABLE 2

Functional and morphometric analysis of vagina after implantation of Gynemesh-MatriStem composite mesh 

(n = 8) or MatriStem alone (n = 8) as compared to historical data for sham-operated and Gynemesh alone6,7

Function Morphometrics Cell apoptosis, % of total cell number

Contractility,
mN/mm3

Subepithelium
thickness, μm

Muscularis
thickness,
μm Subepithelium Muscularis Adventitia

Sham
a 0.26 ±0.11 522 ±189 1557 ±499 0.2 (0.1, 0.7) 0.1 (0.0, 0.1)  1.2 (0.4, 2.3)

Gynemesh
a

0.08 ± 0.03
c 517 ±180

 866±210
c

4.2
c
 (2.1, 10.6) 0.5

c
 (0.3, 0.9) 12.2

c
 (8.2, 25.2)

Composite 0.14 ±0.11 710 ±366
1635 ± 403

d
0.1

d
 (0.0, 0.3) 0.0

d
 (0.0, 0.1)  2.3

d
 (1.0, 5.3)

MatriStem 0.17 ±0.18 596 ±178 1311 ±187
0.1

d
 (0.1, 0.2) 0.0

d
 (0.0, 0.1)  0.5

d
 (0.2, 3.2)

P 
b  .009    .380    .001  .000  .000   .000

Composite: Gynemesh-MatriStem RS (2-ply); MatriStem: MatriStem pelvic floor matrix (6-ply).

Results are expressed as mean ± SD for contractility, subepithelium, and muscularis thickness, or median (first quartile, third quartile) for cell 
apoptosis quantification.

a
Historical data;

b
Overall comparison of P value among groups;

c
P < .05 compared with sham;

d
P < .05 compared with Gynemesh.
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TABLE 3

Biochemical analysis of vaginal wall after implantation of Gynemesh-MatriStem composite mesh (n = 

9)orMatriStem alone (n = 8)ascompared to sham-operated and implantation of Gynemesh alone7

Biochemistry analysis

Collagen,
a
 % of

dry weight Elastin, normalized
GAG,

a
 % of

dry weight
Collagen III/I ratio,
normalized

Sham 48.3 ± 8.6 1.51 ±0.28 1.35 ±0.33 0.14 ±0.05

Gynemesh
38.5 ± 5.2

c 1.26 ±0.24
1.71 ±0.38

c
0.22 ± 0.04

c

Composite 39.4 ± 8.7 1.35 ±0.96 1.57 ±0.32
0.18±0.03

c
,
d

MatriStem 43.1 ± 5.4 1.25 ±0.30 1.50 ±0.18
0.20 ± 0.05

d

P 
b   .011  .749  .069  .000

Composite: Gynemesh-MatriStem RS (2-ply); MatriStem: MatriStem pelvic floor matrix (6-ply).

Results are expressed as mean ± SD.

GAG, glycosaminoglycan.

a
Historical data for sham and Gynemesh;

b
Overall comparison of P value among groups;

c
P < .05 compared with sham;

d
P < .05 compared with Gynemesh.
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TABLE 4

Biomechanical analysis of vaginal wall after implantation of Gynemesh-MatriStem composite mesh (n = 7) or 

MatriStem alone (n = 8) as compared to historical data for sham and Gynemesh alone6

Stiffness, N/mm Ultimate load, N Elongation, mm
Energy absorbed,
N/mm Ktissue, N/mm Loadtissue, N

Sham
a 35.8 (30.6, 49.5) 154.9 (95.8, 172.2) 11.7 (10.0, 12.8) 413.5 (248.1, 495.7) 35.8 (30.6, 49.5) 154.9 (95.8, 172.2)

Gynemesh
a 28.1 (27.1, 48.1) 170.0 (140.3, 192.2) 10.2 (9.3, 11.7) 508.9 (425.0, 547.8)

 2.0
c
 (1.0, 22.0)  58.0

c
 (28.3, 80.1)

Composite 34.9 (31.0, 44.2) 196.4 (175.5, 226.4)
13.6

d
 (12.5, 15.6) 769.2

c
,
d
 (651.2, 859.0)  8.8

c
 (4.9, 18.1)  84.4

c
 (63.5, 114.4)

MatriStem 28.6 (23.9, 39.3) 145.6 (108.0, 161.3) 13.7 (11.8, 15.1) 438.3 (347.1, 469.0)
28.6

d
 (23.9, 39.3) 145.8

d
 (108.0, 161.3)

P 
b   .570    .155   .025    .001   .001    .006

Composite: Gynemesh-MatriStem RS (2-ply); MatriStem: MatriStem pelvic floor matrix (6-ply). Results are expressed as median (first quartile, 
third quartile).

a
Historical data;

b
Overall comparison of P value among groups;

c
P < .05 compared with sham;

d
P < .05 compared with Gynemesh.
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