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Management of an Open Acetabular Fracture in a Skeletally Immature
Patient

Sarah Y. Clutter', Steven J. Morgan*’l, Mark Ericksonz, Wade R. Smith' and Philip F. Stahel'

'Department of Orthopedic Surgery, Denver Health Medical Center, University of Colorado School of Medicine, Den-
ver, CO 80204, USA

’Department of Pediatric Orthopedics, The Children’s Hospital, University of Colorado School of Medicine, Denver,
CO 80218, USA

Abstract: Background: Open acetabular fractures in children are rare, but potentially devastating injuries. Secondary to
the low incidence, there is an apparent lack of reports on appropriate management strategies for open pediatric acetabular
fractures in the literature.

Methods: Description of a case study.

Results: A 3 years and ten months-old girl was ejected as a passenger from an all terrain vehicle. She sustained a dis-
placed, grade IIIA open left anterior column acetabular fracture. The injury was treated by extending the open wound to a
formal first window of the ilioinguinal approach. After surgical debridement, the anterior column was reduced anatomi-
cally and fixed by two lag screws which avoided the tri-radiate cartilage. A vaginal laceration was debrided and repaired.
The patient was treated in a spica cast without weight bearing on the left lower extremity for 8 weeks. No perioperative
complications occurred. The acetabular fracture healed in an anatomic position within 8 weeks. To avoid premature clo-
sure of the tri-radiate cartilage, the patient underwent a physeal bar resection at one year after injury. At two-year follow
up, she was walking and running without pain and had a free range of motion of her left hip.

Conclusions: Operative management should represent the therapy of choice for open, displaced pediatric acetabular frac-
tures. After fracture healing, a scheduled physeal bar resection may be required for injuries which involve the tri-radiate

cartilage.

INTRODUCTION

Acetabular fractures are rare in childhood [1-3]. These
injuries are mainly caused by high-energy trauma, since the
force required to fracture the strong and elastic pelvis in
children is significant [4-6]. Injury to the acetabulum in the
skeletally immature patient can lead to long term sequelae
with respect to future growth due to injury of the tri-radiate
cartilage [7]. The age at time of injury and the extent of re-
sidual displacement appear to represent the “key” determi-
nants for long-term outcome of pelvic and acetabular frac-
tures in childhood [7,8]. Recently, the operative fixation of
unstable pediatric pelvic and acetabular fractures was advo-
cated to restore pelvic symmetry and periarticular anatomy
[8,9]. This treatment modality was shown to be associated
with favorable clinical results and a low incidence of pe-
rioperative complications [8-10].

Open fractures involving the acetabulum in pediatric pa-
tients are exceedingly rare [11]. We report the case of a
young girl who sustained a grade IIIA open anterior column
acetabular fracture and suggest a treatment modality for
these rare injuries.
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CASE REPORT

A 3 years and ten months old unhelmeted girl who was
riding as a passenger on an all terrain vehicle (ATV) was
ejected from the back passenger position. The patient was
evaluated and transported by first responders to the local
hospital by ambulance. On arrival, the patient was alert and
responsive. Vital signs showed a respiratory rate of 22/min, a
heart rate of 100/min, and a blood pressure of 100/86 mmHg.
Physical examination revealed an open wound of about 6 cm
length over the left iliac crest, a vaginal laceration, and a
deformity of the left clavicle. The a.p. chest radiograph
showed signs of pulmonary contusion in the left hemithorax
and a minimally displaced left midshaft clavicle fracture.

Initial laboratory studies indicated a hemoglobin of 9.8
g/dL and a hematocrit of 28%. Fluid resuscitation was initi-
ated with 725 mL of 0.9% saline intravenously. The fo-
cussed assessment sonography for trauma (FAST) exam re-
vealed a small amount of intraperitoneal free fluid. Since the
patient was hemodynamically stable, an abdominal and pel-
vic CT scan was performed to objectify a potential bleeding
source, due to the positive FAST exam. The CT studies re-
vealed a grade I liver laceration and a left anterior column
acetabular fracture which involved the tri-radiate cartilage
(Fig. 1). Based on this severe injury pattern, the girl was then
transferred to our level 1 trauma center for definitive care.
She was alert and hemodynamically stable throughout the
transport.
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Fig. (1). Axial CT scan at day of injury revealing a left anterior column acetabular fracture which involves the tri-radiate cartilage.

Upon arrival in our emergency department, the girl’s
respiration rate was 20/min, heart rate 162/min, and blood
pressure 116/74 mmHg. Antibiotic prophylaxis was adminis-
tered due to the open fracture (Ancef 400 mg i.v.) and a teta-
nus immunization was provided. Both lower extremities had
normal and symmetric pulses, normal capillary refill times of
2 seconds, and a normal neurological exam. The patient was
immediately taken to the OR for emergent debridement and
fixation of the left open acetabular fracture and exploration
and repair of the vaginal laceration under general anesthesia.

The anterior column acetabular fracture was exposed by
extending the wound on the left iliac crest to a formal first
window of the ilioinguinal Letournel approach. The open
fracture and the surrounding soft tissues were debrided and
irrigated. The anterior column acetabular fracture was re-
duced by manipulating the involved portion of the iliac wing
with a Faraboeuf reduction forceps while internally rotating
the anterior column with ball spike pusher placed at the level
of the pelvic brim. The reduction was maintained with two
3.5 mm screws placed with lag fixation technique. Fluoro-
scopic guidance was used to insure that the fixation avoided
the tri-radiate cartilage. The vaginal wall laceration was de-
brided and repaired by the urology service.

The patient was postoperatively monitored in the pediat-
ric intensive care unit for 24 hours and remained hemody-
namically stable. The left lower extremity showed a normal
postoperative neurovascular exam. The left clavicle fracture
was treated nonoperatively. The patient was placed in a left
hip spica cast on day 2 to protect the acetabular repair (Fig.
2). She was transferred to The Children’s Hospital in stable
condition. She was kept non-weight bearing on the left leg.

When the patient followed up in our orthopedic clinic at
two weeks for change of spica cast and suture removal, the
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Fig. (2). The postoperative pelvic X-ray in a spica cast shows anat-
omic reduction of the left acetabular fracture.

wounds had healed well without any signs of infection. Fur-
ther follow-up visits were scheduled on a monthly basis. The
spica cast was removed at 8 weeks. At this time, radiographs
showed adequate fracture healing in an anatomic position (Fig.
3A). The patient was subjectively progressing well, with no
pain in her left hip or left clavicle. Radiographs taken at 4
months revealed callus formation about the tri-radiate cartilage
(Fig. 3B). Eight months after surgery, the patient was sched-
uled for elective hardware removal (two screws and two
washers). A CT obtained at 10 months confirmed a suspected
early physeal closure of the tri-radiate cartilage with a partial
physeal arrest (Fig. 4). Thus, the patient underwent physeal
bar resection of the tri-radiate cartilage of the left hip one year
after injury. At four months and one year after physeal bar
resection, radiographs showed a wide-open spacing
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Fig. (3). Follow-up X-rays taken at 8 weeks (A) and 4 months (B)
demonstrate a healed left acetabular fracture in anatomic position
and indicate an early physeal closure with callus formation about
the tri-radiate cartilage (arrow in panel B).

Fig. (4). A CT scan obtained after hardware removal at 10 months
demonstrates the healed fracture in anatomic position and confirms
the suspected early physeal closure of the left acetabulum (arrow in
the coronal view).
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Fig. (5). Pelvic X-ray at 4 months (A) and one year (B) after phy-
seal bar resection shows a wide open spacing without signs of re-
current premature closure of the tri-radiate cartilage (arrows).

with no recurrence of the premature closure of the tri-radiate
cartilage (Fig. 5). At two year follow-up, the almost 6-year
old girl was subjectively doing very well. She was walking
and running without pain, had equal leg lengths and full
range of motion of her left hip.

DISCUSSION

Pediatric acetabular fractures are uncommon, with an
annual incidence of about one case per 100,000 children
[1,3,9,12]. Accordingly, the occurrence of open acetabular
fractures in a skeletally immature individual is exceedingly
rare [1,2,9]. Laceration of the perineum, vagina, and rectum
should be considered potential sites for open fractures, thus
warranting the use of direct or speculum exploration to prove
otherwise [5,8]. Despite the infrequent nature of these inju-
ries, pediatric pelvic trauma accounts for a disproportionate
number of pediatric fatalities [5,8]. Along with pediatric pel-
vic fractures, acetabular fractures rank second to skull frac-
tures associated with head injuries, with respect to morbidity
and mortality [5,8,9,13] from musculoskeletal injury. Nota-
bly, open pediatric pelvic fractures are associated with a
mortality of about 50% [5,8,9,13].

An important, potential sequelae of pediatric acetabular
fractures is damage to the triradiate cartilage [7]. Trauma to
the triradiate cartilage may adversely affect acetabular de-
velopment which occurs from birth through adolescence
[1,7]. Damage to the tri-radiate cartilage can result in prema-
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ture closure and therefore the patient’s age at the time of
injury and the extent of fracture displacement represent the
most important factors affecting resultant deformity and dis-
ability [2,7,8]. In a child under 10 years of age, more severe
dysplasia is seen in the long-term as opposed to adolescents
of more than 10 years [6,7]. While affected patients may not
complain of clinical symptoms for up to two decades after
injury, they will eventually suffer from long-term sequelae
including subjective signs of arthritis with decreased range
of motion of the affected hip, pain and positive Trendelen-
burg sign [2,7].

A search of three online databases (Pubmed, Cochrane,
Ovid/Medline) revealed only two published articles in Eng-
lish language on the topic [4,11] and none specifically deal-
ing with open acetabular fractures. One paper analyzed the
diagnostic role of MRI imaging for pediatric posterior wall
acetabular fractures in the setting of traumatic hip dislocation
[4]. The second paper describes a retrospective analysis of
166 pediatric pelvic fractures, of which six involved the
acetabulum in skeletally immature patients [11]. None of
these fractures were treated surgically by open reduction and
internal fixation [11].

In the present paper, we report for the first time, to our
knowledge, on the management of an open pediatric acetabu-
lar fracture. Our treatment was predicated upon the basic
surgical principles of acutely preventing infection and stabi-
lizing the bone and soft tissues in the presence of open frac-
ture. The early operative management by surgical debride-
ment, anatomic reduction and fixation with primary wound
closure and repair of the vaginal laceration led to an excel-
lent outcome at 2 years of followup. Since the patient was a
3 years old girl at the time of injury, she had an expected 10
to 12 more years of growth on average [11]. She underwent a
physeal bar resection one year after trauma due to radio-
graphic signs of a physeal arrest. The patient was asympto-
matic and has a normal range of motion of her left hip two
years after injury. She will be monitored closely by clinical
and radiographic follow-ups as she continues to grow. In
summary, we recommend a surgical debridement and an
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open anatomic reduction and internal fixation of displaced
open pediatric acetabular fractures as the therapy of choice in
hemodynamically stable patients.

ACKNOWLEDGEMENT

This report was supported in part by a grant from the
Jordan Block Research Foundation.

REFERENCES

[1] Heeg M, de Ridder VA, Tornetta P, 3rd, de Lange S, Klasen HJ.
Acetabular fractures in children and adolescents. Clin Orthop Relat
Res 2000; 376: 80-6.

[2] Schlickwei W, Keck T. Pelvic and acetabular fractures in child-
hood. Injury 2005; 36(Suppl 1): A57-63.

[3] Rieger H, Brug E. Fractures of the pelvis in children. Clin Orthop
Relat Res 1997; 336: 226-39.

[4] Rubel IF, Kloen P, Potter HG, Helfet DL. MRI assessment of the
posterior acetabular wall fracture in traumatic dislocation of the hip
in children. Pediatr Radiol 2002; 32: 435-9.

[5] Smith WR, Oakley M, Morgan SJ. Pediatric pelvic fractures. J
Pediatr Orthop 2004; 24: 130-5.

[6] Quick TJ, Eastwood DM. Pediatric fractures and dislocations of the
hip and pelvis. Clin Orthop Relat Res 2005; 432: 87-96.

[7] Liporace FA, Ong B, Mohaideen A, Ong A, Koval KJ. Develop-
ment and injury of the triradiate cartilage with its effects on
acetabular development: review of the literature. J Trauma 2003;
54: 1245-9.

[8] Smith W, Shurnas P, Morgan S, ef al. Clinical outcomes of unsta-
ble pelvic fractures in skeletally immature patients. J Bone Joint
Surg Am 2005; 87: 2423-31.

[9] Karunakar MA, Goulet JA, Mueller KL, Bedi A, Le TT. Operative
treatment of unstable pediatric pelvis and acetabular fractures. J
Pediatr Orthop 2005; 25: 34-8.

[10] Roberts J, Uhl RL, Hospodar PP, MacGloin S. Crescent fracture of
the pelvis in a 4-year-old child. Orthopedics 2007; 30: 666-7.

[11] Silber JS, Flynn JM. Changing patterns of pediatric pelvic fractures
with skeletal maturation: implications for classification and man-
agement. J Pediatr Orthop 2002; 22: 22-6.

[12] Magid D, Fishman EK, Ney DR, Kuhlman JE, Frantz KM, Spon-
seller PD. Acetabular and pelvic fractures in the pediatric patient:
value of two- and three-dimensional imaging. J Pediatr Orthop
1992; 12: 621-5.

[13] Grisoni N, Connor S, Marsh E, Thompson GH, Cooperman DR,
Blakemore LC. Pelvic fractures in a pediatric level I trauma center.
J Orthop Trauma 2002; 16: 458-63.

Received: October 4, 2007

Revised: October 21, 2007

Accepted: November 2, 2007




<<
  /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
  /CreateJDFFile false
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


