
P ackage validation testing has always
been an important aspect of many

medical device development processes.
Today, it isn’t just new packaging that
manufacturers need to worry about —
economic and environmental condi-
tions are also driving manufacturers to
revalidate their packaging.

The green movement is causing many
companies to look at providing func-
tional yet environmentally friendly pack-
aging for their devices — not always an
easy task. In this scenario, green-friendly
packaging must still meet the rigors nec-
essary to protect the device.

Economic conditions are causing
device manufacturers and packaging
material suppliers to look for ways to
save costs. A manufacturer that has
been using the same validated packag-
ing materials for years may face revalida-
tion if the materials provider changes a
resin or other key material. The same is
true if the manufacturer has been using
expensive materials and has the direc-
tive to find alternate materials that are
less expensive.

When looking at revalidation, it is
important to identify all affected areas
rather than focus on the packaging
changes. These can include: the sterili-
zation method that is or will be used and
any residuals there may be; the different
types of materials and how they comple-
ment each other; and how a device will
be packaged and shipped.

There are three basic packaging vali-
dation performance characteristics man-
ufacturers need to think about with new
packaging or changes in their packaging
due to evolving conditions:
• Integrity. The integrity test identifies

the characteristics that prevent the
ingress of microorganisms under spec-
ified conditions

• Strength. The strength test measures
how much force is needed to open the
packaging. 

• Microbial Barrier. This test demon-
strates that porous materials can pro-
vide adequate microbial barrier
properties.

Validation Testing
The Food and Drug Administration

requires all manufacturers to prove the
overall integrity and safety of packaging.
Understanding the validation tests can
help manufacturers better develop pack-
aging that will both protect their prod-
uct and meet FDA requirements.

The standard requirements for termi-
nally sterilized medical devices
(ISO11607) states that manufacturers
must choose one test from each category.
A packaging test matrix outlining the cat-

egories and test options available to man-
ufacturers to meet the requirements is
available at http://bit.ly/pvTocn.

Within each category there are a few
different tests to choose from. The test
options under the three categories
include:

Integrity Category — Validates the over-
all integrity of the packaging.

Bubble Emission Test. The bubble emis-
sion test is a ‘whole package’ integrity
test. It is conducted by inflating the
package to a pressure within its toler-
ance range and completely immersing it
in water. Bubbles originating from a sin-
gle point indicate a failure in the pack-
aging integrity. This test is used for
porous and nonporous packaging.

Dye Migration Test. The dye migration
test is conducted by adding blue dye to
the interior of the package and allowing
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Fig. 1 – A lab technician uses an integrity testing chamber to test the characteristics that prevent
the ingress of microorganisms for packaging validation.
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the weight of the dye to rest on the seals.
If a seal is compromised, a visible blue
channel is seen at the failed point in the
seal. This test is not appropriate for foil
packages or packages where it is not pos-
sible to see the passage of the dye
through the material as it provides visu-
al evidence of integrity.

Dye Immersion. The purpose of the test
is to evaluate the integrity of a closure sys-
tem on items such as vials, bottles, etc.
This test involves immersing samples in a
solution of methylene blue. The samples
are challenged by vacuum immersion
and examined for evidence of the dye.
When performing this test, it is essential
to include the appropriate controls that
are run as part of the test system.

Strength Category — Validates the
strength of the packaging.

Seal Peel Test. The seal peel test identi-
fies the amount of force it takes to open
a package. Utilizing a tensile machine, a
one-inch sample of the package is
placed into grips and the pounds per
square inch are measured.

Burst Test. This test identifies the weak-
est seal on the package and provides the
pressure needed to compromise or burst
the seal. It is especially important in
assuring that the packaging can with-
stand the rigors of shipping and extreme
altitudes such as regional elevation. The
test is conducted by increasing air pres-
sure within the package until it bursts.
When performing this test on porous

materials, it is imperative to seal the sur-
face before testing.

In conjunction with the burst test, a
creep test can be conducted. The creep
test is similar to the burst test, but
instead of increasing pressure until it
bursts, the package is inflated and held
for an extended period of time or until
failure has been reached, recording the
time length. In order to perform this
test, the burst test must provide the set
point, which is 80 percent of the average
burst pressure. This test determines if a
weak seal will slowly ‘creep’ to burst at a
lower pressure.

Microbial Barrier Category — Validates
that the packaging is providing a barrier
against microorganisms.

F1608 Microbial Ranking. This test can
only be conducted on porous materials
and provides a log reduction value of
the organisms penetrating packaging
material. The test is conducted by tak-
ing a 47 mm disk of the porous material
and exposing it to aerosolized organ-
isms. The test then determines how
many organisms were able to pass
through the material. The result is a
Log Reduction Value (LRV) that con-
verts into an efficiency rating. For exam-
ple, a 6.1 LRV equals a 99.999 percent
efficiency rating.

Whole Package Aerosol Challenge. This
test is fairly similar to the F1608 test, but
instead of a material sample disk it tests
the entire package. The test is conduct-

ed by taking a whole, sterilized package,
hanging it in a chamber by a non-critical
seal, and exposing the samples to an
aerosolized organism. After the appro-
priate exposure period, the exterior of
the package is decontaminated. Finally,
the contents of the package are tested to
determine if the indicator organism was
able to penetrate the packaging.

Where to Look When 
a Failure Occurs

Once the validation is complete, it
does not need to be repeated unless
something in the process changes. If any
changes to equipment, product, or pack-
aging are made, an evaluation regarding
revalidation should be performed to
ensure that aspects such as sterility, safe-
ty, and efficacy have not compromised
the original validation.

What happens if a validation packag-
ing test fails? The simplest answer (out-
side of a lab error) is that the process
and/or materials need to be evaluated
to determine the cause of the failure.
Here are a few items worth considering
when a failure does occur.
Integrity Validation Failures
• Failure of Bubble Emission Test. Bubble

Emission failures can often be attrib-
uted to a product rubbing through a
material, more commonly known as
abrasion. Folded material packaging
can also be the cause, especially when
using pouches that are too large. The
folds can become weak and cause
leaks. Pointed or sharp medical
devices can also cause failures when
not properly secured within the pack-
aging.

• Failure of Dye Migration Test. This kind
of failure is usually due to a problem
with the sealer and can generally be
attributed to a setting related to tem-
perature, time, or pressure. Tray lids
not sitting in the right location on the
sealer can also leave gaps that can
cause a failure. Other possible causes
to investigate include oversealing, a
flaw in a raw material, operator failure,
or other equipment failures.

• Failure of Dye Immersion Test. This type of
failure can usually be attributed to
incorrectly seating stoppers and over
or under crimping the cap.

Strength Validation Failures
• Seal Peel. These test failures are usually

similar to the causes found in the Dye
Migration test. Keep in mind that the
Seal Peel test doesn’t necessarily look

Fig. 2 – A Microbial Ranking test is conducted on porous materials and provides a log reduction value
of the organisms penetrating packaging material.
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for failures so much as it helps manu-
facturers set and monitor the strength
specifications for their packaging; the
test helps optimize the sealing param-
eters of their sealing equipment.

• Burst. The Burst test provides variable
data — it is not a pass or fail test.
Focusing on the sealing equipment

can usually help identify the cause.
The Creep test identifies if the packag-
ing will hold at pressure over time.
Sterilization processes that utilize vacu-
um draws can contribute to creep fail-
ures if they are pulled too fast.

Microbial Validation Failures
Microbial Validation is dependent on

the product being manufactured. It is a
fairly complex test and should be tai-
lored specifically to meet varying pack-
aging needs. To discuss test failures, it is
best to arrange for a one-on-one consul-
tation with a professional.

Conclusion
Whether manufacturers are changing

a material in their device packaging,
looking for ways to cut costs, considering
green alternatives, or simply launching a
new device with new packaging materi-
als, a clear understanding of the stan-
dards and tests used to validate packag-
ing is paramount.

It is important to remember that once
validation has occurred, it is not neces-
sary to do it again unless one of the vari-
ables in the packaging has changed
(new material, new design, change in a
provider, etc.). Once complete, the
packaging process becomes a seamless
part of the overall production line,
ensuring the delivery of safe-to-use and
well protected medical devices.

This article was written by Wendy S.
Mach, Packaging Section Leader, BS,
RM(NRCM), CQA(ASQ) for Nelson Labs,
Salt Lake City, UT. For more information,
visit http://info.hotims.com/34458-163.

Fig. 3 – A Dye Migration Test tests packaging seals for weakness. A visible blue channel is seen at
the failed point in the seal.

Medical Device Packaging 

Reprinted from Medical Design Briefs, September 2011. On the web at www.techbriefs.com.
© 2011. All Rights Reserved. Foster Printing Service: 866-879-9144, www.marketingreprints.com.

22285_Layout 1  9/22/11  3:19 PM  Page 18



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


