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Methods: New Zealand White rabbits (n = 32) were
subdivided into experimental (n = 16) and control groups
(n = 16). Each subgroup underwent placement of smooth
saline mini implants (30 cc) beneath the panniculus
carnosus in the dorsal region of the back. In addition, the
experimental group underwent instillation of fibrin glue
into the implant pocket as a capsular contracture-inducing
agent. Rabbits were euthanized from 2 to 8 weeks after
the procedure. Before the animals were euthanized, each implant was serially inflated with saline
and a pressure-volume curve was developed using a Stryker device to assess the degree of
contracture. Representative capsule samples were collected and histologically examined. Normal
and contracted human capsular tissue samples were also collected from patients undergoing breast
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implant revision and replacement procedures. Tissue samples were assessed histologically.

Results: Pressure-volume curves demonstrated a statistically significantly increased intracapsular
pressure in the experimental group compared with the control group. The experimental subgroup
had thicker, less transparent capsules than the control group. Histologic evaluation of the rabbit
capsule was similar to that of the human capsule for the control and experimental subgroups.

Conclusions: The authors conclude that pathologic capsular contracture can be reliably induced in
the rabbit. This animal model provides the framework for future investigations testing the effects
of various systemic or local agents on reduction of capsular contracture.

Breast implant capsular contracture remains one of the most common complications for both
aesthetic and reconstructive breast surgery. Despite the importance of this problem, the cause and
treatment have remained unresolved for the past 40 years. Further complicating this problem is
that there are currently no reliable in vitro or in vivo models producing capsular contracture.
Various animal models have been reported in previous studies; however, most lack the ability to
produce the pathologic state of contracture and, thus, correlation of proposed treatments for
clinical capsular contracture are invalid in this setting.

Histologically, the human breast capsular tissue is composed of an inner layer of fibrocytes and
histiocytes, which is surrounded by a thicker layer of collagen bundles arranged in a parallel
array.1,2 The outer layer is more vascular and is composed of loose connective tissue. Although
intuitively and clinically most would consider the degree of capsule thickness to be commensurate
with the severity of capsular contracture, this has never been definitively proven, and some reports
have found no correlation among contamination, thickness, and clinical contracture.3

The literature is replete with earlier studies that attempted to detect differences in capsule
characteristics between those formed around smooth versus textured implants. Both gross
andhistologic sections revealed a thicker capsule, with increased cellularity surrounding the
textured implants4.5; however, other reports have produced contradictory results.6,7 Equally
perplexing is the incongruity between studies with animal models compared with human clinical
studies.4.5.8 Current data have yet to determine the exact cause for contracture and thus no
completely effective prophylaxis or therapy has been developed.5-9 Compounding the problem is
the use of various animal models for analysis of capsular contracture when the animals themselves
do not produce a pathologic capsular state.6,10,11

Furthermore, a large body of conflicting data exist on the mechanisms and various cell types
involved with the formation of the host capsular contracture tissue response. As with any
condition where the cause is unknown, there exists a multitude of treatment modalities offered
based on anecdotal or clinically based experience. The bulk of the literature on this subject is
retrospective, unblinded, uncontrolled, and rarely uses elegant scientific methodology.

The purpose of this study was to develop a pathologic, reproducible, and reliable animal model for
capsular contracture that is similar to human breast capsular contracture tissue. This information
can be used to help systematically determine the cause of this problem and to allow options for
prevention and potential treatment of capsular contracture.



MATERIALS AND METHODS TOP

Thirty-two New Zealand White rabbits underwent implantation with customized smooth saline
mini implants (30 cc; McGhan Medical, Santa Barbara, Calif.) under an approved institutional
animal care protocol. Each implant was placed in the subpanniculus carnosus plane in the dorsal
back region and filled to the manufacturer's recommended 30-cc fill volume. One implant was
placed per rabbit, using sterile surgical technique.

The rabbits were divided into an experimental (n = 16) and control subgroups (n = 16). The
experimental subgroup also underwent instillation of 5 cc of fibrin glue [fibrin glue is prepared
with 4 ml of rabbit cryo (Pel-Freez; Pel-Freez Biologicals, Rogers, Ark.), 500 ul of 10% CaCl
(Sigma-Tau Pharmaceuticals, Gaithersburg, Md.), 1000 units of thrombin (Monarch
Pharmaceuticals, Bristol, Tenn.) in 1 ml of 50 mM TrisClI (Sigma), pH 7.4] into the implant
pocket as a contracture-inducing agent. The incision was closed in two layers with subdermal 4-0
Vicryl (Ethicon, Inc., Somerville, N.J.) and 4-0 interrupted nylon suture.

Rabbits were killed at 2 or 8 weeks. Before the animals were killed, each animal was anesthetized
and the dorsal back area was shaved. A small incision was made directly over the implant fill
valve through skin, panniculus carnosus, and capsule. The incision traversing the capsule was
sufficiently small (<3 mm) to not impede the accurate assessment of intracapsular pressure. The
Stryker device was connected to the valve and opening intracapsular pressure was recorded (Fig.
1). Subsequent pressures at 2-cc increments were recorded after equilibration as the implants were
overfilled. Representative capsule samples were submitted in formalin for histologic evaluation
for tissue architecture and capsular thickness.

Fig. 1. (Above) Stryker pressure monitor setup next to the implanted mini implant.
(Below) Stryker pressure monitor connected to the mini implant through a small
capsular window.

w

Human breast capsular tissue samples from clinically normal breasts (implantation time, 6
months) and pathologically contracted capsule (Baker III/IV; implantation time, 5 to 6 months)
were collected and processed using standard hematoxylin and eosin staining. The histologic
sections were reviewed by a blinded pathologist and the morphologic characteristics of the human
capsule samples were characterized.

Statistics comparing the intracapsular pressures were performed using the two-tailed t test

demonstrating a significant difference between the experimental and control groups. Statistical
significance is defined as p < 0.05.

RESULTS TOP



The pressure-volume curve was generated at 2 and 8 weeks (Fig. 2). There was no significant
difference between the experimental and control groups at 2 weeks; however, at 8 weeks there was
a significant increase in intracapsular pressure in the experimental group. On gross examination of
the capsules, the control group capsule appeared more transparent and had less vessel
predominance on the capsular surface (Fig. 3, above). The experimental group (Fig. 3, below) had
a more opacified capsule and in many cases appeared thicker. The average capsular thickness
(histologically measured) was 0.6 mm in the rabbit control group, 1.0 mm in the rabbit
experimental group and in human capsules, and 2.5 mm in human capsule contractures. There was
a non-statistically significant increase in capsular thickness in the experimental group.
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i = A Fig. 2. The pressure-volume curve at 8 weeks; there was a significant
. increase in intracapsular pressure in the experimental group.

Fig. 3. (Above) Rabbit capsule at 8 weeks (control; the capsule is
transparent and has less vessel predominance on the capsular surface).
(Below) Rabbit capsule at 8 weeks (with fibrin glue); the capsule is more
opacified and thicker.

Histology TOP

Hematoxylin and eosin sections of rabbit control capsules at 8 weeks, rabbit contractures at 8
weeks, human capsules, and human contractures were compared. Synovial-like reaction of
fibrohistiocytic cells (synovial metaplasia) was most pronounced in the rabbit control capsule at 8
weeks, focal in the rabbit contracture at 8 weeks, and absent in the human contractures and control
capsules (which is not unexpected, as synovial metaplasia is reported to be present in only 50
percent of cases).12

Inflammation (consisting of lymphocytes, histiocytes, and eosinophils) was moderate in the 8-
week rabbit control capsule and mild in the 8-week rabbit contracture. The human capsule
demonstrated minimal inflammation, whereas the human contracture showed mild inflammation.
The degree of fibrosis was greater in the 8-week rabbit contracture and human contracture (Fig. 4)
than in their counterparts (the 8-week rabbit control and human capsules, respectively).



"~ Fig. 4. (Above) Experimental group rabbit contracture at 8 weeks (original
~ magnification, x40) showing areas of more dense fibrous deposition in the mildly
cellular mid zone; fibroblasts are widely separated by spindled fibroblasts.
== (Below) Human capsule contracture (original magnification, x40) showing
. hypocellular fibrous mid zone; central area shows dense collagen without any
i fibroblasts; fibroblasts at periphery are widely separated by thick, dense bands of
. collagen fibers.

DISCUSSION TOP

Capsular contracture is the most common complication involving aesthetic and reconstructive
breast surgery, with a reported incidence ranging from 0.6 to 50 percent.13,14 An incidence of 8
to 15 percentl5-17 may be cited as a more scientific appraisal. Clinically, capsular contracture
manifests on a continuum with varying degrees of severity, and is typically measured subjectively
by means of the Baker classification. Furthermore, contracture may become clinically evident
from weeks to years after implantation.

Capsular contracture is the formation of fibrous scar tissue investing a foreign body or surgically
implanted device. Artificial joints or heart valves, central venous catheter ports, breast implants,
and a multitude of additional surgical devices have been involved in the development of capsule
formation and its adverse consequences. Capsule formation presumably plays a vital role in the
host's response to a foreign body. Nevertheless, the results of this process may pose potential
serious health risks or adverse aesthetic sequelae.

The true cause of capsular contracture remains elusive.18 Two prevailing theories have emerged:
the infectious hypothesis and the hypertrophic scar hypothesis. The infectious hypothesis, which
has been championed by Burkhardt and supported by others,19-23 implicates subclinical infection
in the development of capsular contracture. Staphylococcus epidermidis, which is the most
common organism isolated from nipple secretions, is the most common organism cultured from
capsules excised during open capsulotomies. Furthermore, acceleration of capsule formation
around silicone implants by addition of Staphylococcus aureus as an independent variable has
been reported.24

The hypertrophic scar hypothesis attempts to implicate noninfectious stimuli, namely, hematomas,
granulomas, or hereditary factors, which confer a foreign body reaction and resultant formation of
a hypertrophic scar around an implanted device. The underlying mechanism behind this process
involves the activation of the myofibroblast cells within the capsule, which supposed contractile
elements exert the force necessary to produce capsular contracture. Myofibroblasts contain the
contractile elements actin and myosin and have been identified inconsistently within the capsules
of implanted devices; however, they have proven difficult to culture and study in detail and, when
found in the capsule, are found in exceedingly small quantities, are located sporadically
throughout the capsule, and are not found to attach to each other. This scenario poses an
inconsistent model for the development of contractile forces necessary to produce contracture.



The purpose of this study was to consider a novel pathologic animal model for capsular
contracture. The fibrin glue inducing agent was discovered serendipitously in our laboratory;
however, this places ample amounts of fibrinogen around the implant, and the critical role of
fibrinogen in capsule formation has been scientifically established independent of our work.25
This agent merely reliably produces conditions that are likely to result in a contracted capsule.

Many different animal models for contracture studies have been reported6.8.10,19,24-28;
however, the majority consider the effect of a given therapy on normal capsule
formation.6,10,11,19,29.30 This minimizes and likely invalidates the significance/conclusions of
many of these previous studies, as therapy needs to be directed at a pathologic capsule. Other
reports have used bacteria to stimulate the formation of pathologic capsules; however, the
reproducibility and control of this model have not been validated.19 It is our opinion that the
cause of contracture is multifactorial. In humans, there exist capsular contracture-inciting agents
that, for known or unknown reasons, result in a contracture (i.e., hematoma, infection). The fibrin
glue inducing agent is no different. This agent simply facilitates conditions that already are known
to produce capsule formation in a predictable fashion.

Furthermore, the correlation between animal contracture and that of humans has not been
substantiated. In fact, several studies using the rabbit model have found contradictory results from
our clinical observation in humans.7,8 Most of these studies have reported more pathologic
capsules in rabbits using textured implants,4,5 when it is generally accepted that textured implants
produce less contracture in humans. The reason for this is largely unknown; however, the use of a
nonpathologic animal model is likely a major issue.

The histologic findings demonstrate a similar increase in fibrosis in rabbit and human contracted
capsule compared with respective controls. The differences in synovial metaplasia in the
specimens constitute a histologic detail that carries no clinicopathologic significance; however,
they were reported for the sake of completeness. The end result is that the histologic analysis of
the rabbit contracture model is similar to human contracture.

We report for the first time, to the best of our knowledge, a breast capsular contracture animal
model that mimics the histologic characteristics of human breast capsular tissue. The degree of
inflammation and fibrosis over time in the rabbit contracture appears to correlate with those of the
human contracture, suggesting that the rabbit capsule may be an optimal animal model for the
changes seen in human contractures. Despite these findings, we acknowledge that the ultimate
model for the study of capsular contracture is the human model, and all animal models, including
this one, will need to ultimately reconcile this fact.

CONCLUSIONS TOP

Our model does produce pathologic and nonpathologic capsules histologically similar to the
human pathologic and nonpathologic capsule. Interestingly, our contracture-inducing agent
(fibrin) has been implicated as a key player in the formation of capsule formation in prior
studies.28 Plastic surgeons have endured 40 years of darkness in their true understanding of
capsular contracture. We hope this model may not only provide a platform for future investigation
but allow us all to see the light and provide insight into the true cause of breast implant capsular



contracture.

ACKNOWLEDGMENTS TOP

The authors thank Debby Noble for excellent assistance with organizing much of this study. They
also thank Inamed Corporation for the manufacture and donation of the specialized mini-implants.

REFERENCES TOP

1.Kamel, M., Protzner, K., Fornasier, V., Peters, W., Smith, D., and Ibanez, D. The peri-implant
breast capsule: An immunophenotypic study of capsules taken at explantation surgery. J. Biomed.
Mater. Res. 58: 88, 2001.

[CrossRef] [Context Link]

2.Domanskis, E. J., Owsley, J. Q., Jr., et al. Histological investigation of the etiology of capsule
contracture following augmentation mammaplasty. Plast. Reconstr. Surg. 58: 689, 1976.
[Medline Link] [Context Link]

3.Smahel, J. Histology of the capsules causing constrictive fibrosis around breast implants. Br. J.
Plast. Surg. 30: 324, 1977.

[Medline Link] [CrossRef] [Context Link]

4.Bern, S., Burd, A., May, J. W., Jr., et al. The biophysical and histologic properties of capsules
formed by smooth and textured silicone implants in the rabbit. Plast. Reconstr. Surg. 89: 1037,
1992.

[Medline Link] [CrossRef] [Context Link]

5.Bucky, L. P., Ehrlich, H. P., Sohoni, S., et al. The capsule quality of saline-filled smooth
silicone, textured silicone, and polyurethane implants in rabbits: A long-term study. Plast.
Reconstr. Surg. 93: 1123, 1994.

[Fulltext Link] [CrossRef] [Context Link]

6.Clugston, P. A., Perry, L. C., Hammond, D. C., and Maxwell, G. P. A rat model for capsular
contracture: The effects of surface texturing. Ann. Plast. Surg. 33: 595, 1994.

[CrossRef] [Context Link]

7.Coleman, D. J., Foo, I. T., and Sharpe, D. T. Textured or smooth implants for breast
augmentation? A prospective controlled trial. Br. J. Plast. Surg. 44: 444, 1991.

[CrossRef] [Context Link]

8.Fagrell, D., Berggren, A., and Tarpila, E. Capsular contracture around saline-filled fine textured
and smooth mammary implants: A prospective 7.5-year follow-up. Plast. Reconstr. Surg. 108:
2108, 2001.

[Context Link

9.Brohim, R. M., Foresman, P. A., Grant, G. M., Merickel, M. B., and Rodeheaver, G. T. Capsular
contraction around smooth and textured implants. Ann. Plast. Surg. 30: 424, 1993.

[Context Link

10.Ajmal, N., Riordan, C. L., Cardwell, N., Nanney, L., and Shack, R. B. Chemically assisted
capsulectomy in the rabbit model: A new approach. Plast. Reconstr. Surg. 112: 1449, 2003.
[Fulltext Link] [CrossRef] [Context Link]

11.Caffee, H. H., and Rotatori, D. S. Intracapsular injection of triamcinolone for prevention of
contracture. Plast. Reconstr. Surg. 92: 1073, 1993.




[Fulltext Link] [CrossRef] [Context Link]

12.Rosen P. P. Inflammatory and reactive tumors. In P. P. Rosen (Ed.), Rosen's Breast Pathology
Philadelphia: Lippincott Williams & Wilkins, 2001. Pp. 49-53

[Context Link

13.Hakelius, L., and Ohlsen, L. Tendency to capsular contracture around smooth and textured gel-
filled silicone mammary implants: A five year follow-up. Plast. Reconstr. Surg. 100: 1566, 1997.
[Fulltext Link] [CrossRef] [Context Link]

14 .Burkhardt, B., and Eades, E. The effects of Biocell texturing and povidone-iodine irrigation on
capsular contracture around saline inflatable breast implants. Plast. Reconstr. Surg. 96: 1317,
1995.

[Fulltext Link] [CrossRef] [Context Link]

15.Mentor Corp. Saline implant PMA. Available at: www.fda.gov/cdrh/breastimplants/ . Accessed
October 1, 2000.

[Context Link

16.Inamed Corp. Saline implant PMA. Available at: www.fda.gov/cdrh/breastimplants/ . Accessed
October 1, 2000.

[Context Link

17.Inamed Corp. Silicone Gel Implant PMA. Available at:
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfAdvisory/details.cfm?mtg=388 . Accessed
June 1, 2003.

[Context Link

18.Rohrich, R. J., Kenkel, J. M., Adams, W. P., Jr., et al. Preventing capsular contracture in breast
augmentation: In search of the holy grail. Plast. Reconstr. Surg. 103: 1759, 1999.

[Fulltext Link] [CrossRef] [Context Link]

19.Shah, Z., Lehman, J. A., and Tan, J. Does infection play a role in breast capsular contracture?
Plast. Reconstr. Surg. 68: 34, 1981.

[Fulltext Link] [CrossRef] [Context Link]

20.Dobke, M. K., Svahn, J. K., Vastine, V. 1., Landon, B. N., Stein, P. C., and Parsons, C. L.
Characterization of microbial presence at the surface of silicone mammary implants. Ann. Plast.
Surg. 34: 563, 1995.

[CrossRef] [Context Link]

21.Derman, G. H., Argenta, L. C., and Grabb, W. C. Delayed extrusion of inflatable breast
prostheses. Ann. Plast. Surg. 10: 154, 1983.

[Medline Link] [CrossRef] [Context Link]

22.Virden, C. P., Dobke, M. K., Stein, P., Parsons, C. L., and Frank, D. H. Subclinical infection of
the silicone breast implant surface as a possible cause of capsular contracture. Aesthetic Plast.
Surg. 16: 173, 1992.

[Medline Link] [CrossRef] [Context Link]

23.Schlenker, J. D., Bueno, R. A., Ricketson, G., and Lynch, J. B. Loss of silicone implants after
subcutaneous mastectomy and reconstruction. Plast. Reconstr. Surg. 62: 853, 1978.

[Fulltext Link] [Medline Link] [CrossRef] [Context Link]

24 Kossovsky, N., Heggers, J. P., Parsons, R. W., and Robson, M. C. Acceleration of capsule
formation around silicone implants by infection in guinea pig model. Plast. Reconstr. Surg. 73:
91, 1984.

[Fulltext Link] [Medline Link] [CrossRef] [Context Link]

25.Chen, N. T., Butler, P. E. M., Hooper, D. C., and May, J. W. Bacterial growth in saline




implants: In vitro and in vivo studies. Ann. Plast. Surg. 6: 337, 1996.

[CrossRef] [Context Link]

26.Darouich, R. O., Meade, R., Mansouri, M. D., and Netscher, D. T. In vivo efficacy of
antimicrobe-impregnated saline-filled silicone implants. Plast. Reconstr. Surg. 109: 1352, 2002.
[Context Link

27 Ksander, G. A., Vistnes, L. M., and Fogarty, D. C. Experimental effects on surrounding fibrous
capsule formation from placing steroid in a silicone bag-gel prosthesis before implantation. Plast.
Reconstr. Surg. 62: 873, 1978.

[Fulltext Link] [Medline Link] [CrossRef] [Context Link]

28.Tang, L., Jennings, T. A., and Eaton, J. W. Mast cells mediate acute inflammatory responses to
implanted biomaterials. Med. Sci. 95: 8841, 1998.

[Context Link

29.Raposo-do-Amaral, C. M., Tiziani, V., Trevisan, M. A., Pires, C. H., and Palhare, F. B.
Capsular contracture and silicone gel: Experimental study. Aesthetic Plast. Surg. 16: 261, 1992.
[Medline Link] [CrossRef] [Context Link]

30.Cherup, L. L., Antaki, J. F., Liang, M. D., and Hamas, R. S. Measurement of capsular
contracture: The conventional breast implant and the Pittsburgh implant. Plast. Reconstr. Surg. 84:
893, 1989.

[Fulltext Link] [CrossRef] [Context Link]

©2006American Society of Plastic Surgeons




