Review of Basics of Forensic Consideration
for Gunshot Wounds

John M McNamara MD MPH and Mehran Rastakhiz PHD MPA

We are often confronted with an array of both forensic and clinical/
medical issues involving trauma - both blunt and penetrating. As in
all injuries, evaluation and treatment should begin as soon as pos-
sible by the EMS system. This paper will present issues associated
with gunshot wounds but is not intended to create the impression
that all wounds fit neatly into categories. Each injury is unique and
must be evaluated singly. A wound from a .22 cal rifle can be as
dangerous as from a high velocity hunting or military rifle. Clinical
and timely evaluation by trained physicians and a medical team is
the key issue.

Gunshot injuries present a very wide spectrum of possible issues
and the external appearance of the wound can be deceptive in
terms of the extent of underlying injury to tissues. Initially stable
appearing patients can have delayed underlying serious life or limb
threatening injury that may be not apparent at the time of initial
presentation. Conversely, a penetrating projectile can cause less
than expected trauma to tissues even from a relatively high velocity
projectile. Therefore, observation and careful individual evaluation
is a key issue because of the unpredictable nature of penetrating
trauma — both high velocity and low velocity. This can only be ac-
complished by trained medical professionals within the EMS sys-
tem (ambulance to emergency medicine department).

Gunshot wounds cause injury by laceration or tearing and also by
contusion (bruise). The contused (bleeding under the skin or inter-
nally) area may present an area of concern and require close fol-
low-up or immediate surgical consultation and intervention because
the bleeding can be serious but not apparent on the surface. For
example, in a lower extremity injury involving the femur, 2 liters of
blood can fill the upper leg and can cause shock to the victim.
Shock is when there is loss of blood in the veins or arteries and
leads to loss of consciousness and death.

Also, if vascular structures or bone are in the path of the projectile,
the outcome may be associated with extensive damage and tissue
loss. In addition, if the projectile hits a fixed structure such as bone,
catastrophic injury may occur and bone fragments can become
secondary missiles further injuring surrounding tissue. It appears
that more dense tissue is more vulnerable especially to high veloc-
ity impact. The shockwave from a high velocity projectile traveling
through tissue causes a bruise to a blood vessel and then could
clog the blood vessel due to swelling of the blood vessel wall. This
is especially true of high velocity projectiles from rifles.

There may be still some controversy involving gunshot wounds that
appear to initially stable requiring relatively less intervention than
others. However, the unique forensic characteristics or ballistics of
the weapon may be of some assistance. A knowledge ballistics and
wounding profile specific to the weapon may be helpful.

After penetration, bullets have been known to exhibit unpredictable
pathways in the body for a myriad of reasons. Many anecdotes can
re-enforce these issues in the study of injuries from projectiles -
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enforce same basic principals of wounding profiles seen today.

Several variables that will be briefly considered in this presentation: length of the barrel, velocity, shape of the bullet, caliber, weight and stabil-
ity of the projectile in the air.

Bullet stability after firing

Bullet stability as it travels though the air can be a critical determinant to tissue injury. Ballistic missiles have fins and arrows have fletching to
aid stability. Bullets, lacking fins, attain (some) stability from a series of grooves in the barrel of the weapon or “Rifling”. Bullets otherwise lack
stability in the air. In addition, any medium encountered by the bullet along the path of travel (branches of trees or other objects) can start a
bullet to become unstable in flight and cause tumbling which can cause more injury since the initial contact with the long axis of the bullet pre-
sents more surface area. The bullet hits the tissue straight up rather than from the point or nose forward.

Bullet stability

A fast moving rifle bullet can become unstable as it travels through air. An initial yaw can cause a vortex type pathway then can attain stable
flight until it strikes a relatively dense medium which causes sudden instability and tumbling. Tumbling causes more severe injury in surround-
ing tissue in that the presenting surface area is many times greater than the actual diameter or caliber of the bullet. Therefore, in this case,
knowledge of the caliber might not accurately predict the wounding potential. Sudden violent instability of a high energy projectile can also lead
to splitting or fragmentation of the projectile as it moves through tissue causing multiple tracts of injury through tissue, also increasing the
wounding potential. By contrast, bullets can also travel through and through an extremity without tumbling and cause relatively lesser amount
of trauma if there is no encounter with more dense tissue such as bone. Conversely, bullets can also ricochet off bone causing injury to multiple
organs.

The velocity of the projectile is associated or proportional to the kinetic injury. Hunting injuries can be devastating because there is much kinetic
energy and soft nose bullets that expand on impact, suddenly imparting their kinetic energy to surrounding tissue. These injuries also usually
result from a rifle with a long barrel imparting more velocity due to buildup of gases in the longer barrel. The longer barrel imparts more push to
the projectile due to buildup of pressure for the hot gas in the barrel that push the bullet out faster. Conversely, armed confrontations from
handguns - relatively short barrel - imparts less velocity. However, more powder charge from a magnum cartridge can impart more energy as
well.

Therefore we can’t always generalize and assume a short barreled pistol causes fewer traumas than a rifle.
Mass and velocity of the bullet

Mass and velocity are the critical factors for both clinical and forensic analysis. Bigger and faster projectiles generally cause more injury be-
cause there is more kinetic energy due to increased mass and velocity.

Hunting ammunition generally has a soft point or hollow point bullet - also called expanding bullets. This type ammunition was invented long
ago in the latter part of the 19th century. It causes even more tissue trauma by expending when encountering a denser medium. In this case,
virtually all its entire kinetic energy is transferred to the denser medium (tissue) almost immediately upon entrance into tissue.

Military ammunition has a cone-shaped appearance with a brass coating by rule of the Geneva Convention. This is the so-called “Full metal
jacket” required by military convention. This type of ammunition is often referred to as “ball ammunition” because it resembles the musket ball
used in the 18th century and is thought to cause less wounding potential than an expanding head bullet.

In this paper we have briefly reviewed some concepts associated with forensic analysis of behavior of projectiles. Medical care issues can not
be predicted from caliber, length of barrel, velocity and mass, but these concepts are essential for forensic analysis. Each wound is unique and
must be evaluated singly from a medical perspective by trained professionals. However, knowledge of forensic variables can greatly assist in
understanding the very complex behavior of projectiles.
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About C4SEM

The Center for Security and Emergency Management (C4SEM) was established to enhance the capabilities of military security forces, law enforcement officers,
emergency responders and local officials to prepare for, respond to, and recover from catastrophic events resulting from natural events, man-made accidents, or
terrorist attacks. Since its inception, C4SEM has provided military, federal, state and local departments and agencies with high-quality, hands-on, scenario-driven
training, exercises, technical assistance, and strategy development.

Mission:

The Center’s mission is to study the goals, tactics and strategies of terrorism and develop responses to:
Educate, Train and Certify First Responders

Advance Emergency Response Strategies

Advance Counter Terrorism Strategies

Develop Risk Assessment and Management Standards

Identify Terrorists Communications and Operations Capabilities

Identify Indicators Pertaining to Terrorist Actions

Develop Security and Emergency Management Strategies




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /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 true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /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 true

  /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



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



