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Different Stabilization Techniques for Type
62B3 Acetabular Fractures in Combination
With Primary Total Hip Arthroplasty
in Elderly Patients: A Biomechanical
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Abstract
Introduction: The total hip arthroplasty (THA) as part of acute fracture management is used for acetabular fractures in elderly
patients. Our objective was to assess the stability of osteosynthesis performed using 2 different techniques in combination with
THA in an experimental model. Materials and Methods: We conducted 20 experiments using the left-side hemipelves
composite bone models. There were 2 testing groups: 1- and 2-stage osteosynthesis. The acetabular fractures of the anterior
column and posterior hemitransverse were simulated. The same THA technique was used in both groups. The stability of
osteosynthesis was explored and compared between the groups by measuring the fracture displacement of anterior and posterior
columns under the standardized test load (1187 N) protocol. Load distance diagrams were generated. Results: The 0.680-mm
gap (0.518; 1.548) of the posterior column in the 1-stage group (n ¼ 10) was higher than the 0.370-mm gap (0.255; 0.428) in the
2-stage group (n¼ 10; P¼ .002). There was no significant difference between the gap of the anterior column in the 1- and 2-stage
groups (0.135 [0.078; 0.290] mm vs 0.160 [0.120; 0.210] mm; P ¼ .579). Conclusion: The 2-stage osteosynthesis of the anterior
and posterior columns in combination with THA provides better stability of posterior column when compared to 1-stage method
in composite bone models.
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Introduction

Acetabular fractures in the elderly individuals are increasing in

prevalence.1,2 The increasing prevalence of osteoporosis in the

aging population has contributed to older patients becoming the

fastest-growing group presenting with acetabular fractures.3

Simple mechanical fall from standing height in elderly

patients with preexisting osteoporosis is the most common

cause of acetabular fracture. Treatment options for acetabular

fractures in elderly individuals include conservative methods,

percutaneous fixation, open reduction and internal fixation

(ORIF), and acute or secondary total hip arthroplasty (THA).

Conservative treatment for displaced acetabular fractures in

elderly patients is related to the high risk of complications due

to the prolonged decubitus position. The ORIF is also not the

best option because of osteoporotic bone and lengthy decubitus

1 Clinic of Rheumatology, Traumatology Orthopaedic and Reconstructive

Surgery, Medical Faculty, Centre of Orthopedics and Traumatology, Republi-

can Vilnius University Hospital, Vilnius University, Vilnius, Lithuania
2 Department of Mechatronics and Robotics, Vilnius Gediminas Technical

University, Vilnius, Lithuania
3 Department of Biomechanics, Vilnius Gediminas Technical University, Vilnius,

Lithuania
4 Department of Orthopedics and Traumatology, Republican Vilnius University

Hospital, Vilnius, Lithuania
5 Clinic of Anaesthesiology and Intensive Care, Faculty of Medicine, Vilnius

University, Vilnius, Lithuania

Corresponding Author:

Povilas Masionis, Department of Orthopedics and Traumatology, Republican
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position.4 Moreover, although ORIF requires 1 surgery, a sec-

ondary THA may be needed in the future because of

osteoarthritis.5

The secondary THA following ORIF is a demanding tech-

nique. Due to adhesions and a frequent malposition of the

acetabulum, the secondary THA is associated with an

increased risk of infection, tendency to develop para-

articular ossifications, and a higher risk of early component

loosening compared to the acute THA.6 If there is significant

impaction, destruction of articular cartilage, and well-done

ORIF is in doubt, acetabular stabilization and primary THA

at 1 stage should be considered.7 Acute primary THA with the

use of an antiprotrusion cage and bone grafting for acetabular

fractures allows to employ 1 operation for definitive repair.6,8

It provides primary stability and immediate pain relief, per-

mits graded weight-bearing and early pain-free mobilization,

and may also treat hip arthritis, if it exists.6 Complications,

surgical times, and hospitalizations are consistent with ORIF

or secondary THA, but a single surgical procedure will avoid

the ‘‘wait-and-see’’ approach, which is often used for these

patients.8

Biomechanical studies are conventionally used to evaluate

the stability of fixation of acetabular fractures achieved using

different techniques.9,10 However, at the time of designing the

present study, we did not find biomechanical study reports on

the use of ORIF in combination with THA for the treatment of

acetabular fractures.

Our objective was to compare the stability of osteosynthesis

for anterior column–posterior hemitransverse acetabular frac-

tures performed using 1- and 2-stage osteosynthesis techniques

combined with THA. Our null hypothesis was that there is no

difference between the biomechanical performance of these

fixation techniques.

Materials and Methods

The study was conducted in 2 groups of experiments, the 1-

and 2-stage osteosynthesis technique groups, respectively.

The number of stages reflects the number of approaches to

the fractures. The 1-stage group implied osteosynthesis

using the posterior approach. The 2-stage group implied

anterior approach for anterior column osteosynthesis fol-

lowed by the posterior approach for posterior column

osteosynthesis.11

Specimens

We used 20 synthetic, fourth generation, left-side compo-

site hemipelvises (Saw Bones;, Hemi Pelvis, Fourth Gen-

eration; Sawbones Europe AB, Sweden). Ten orthopedic

composite bone models were used in each group. Artificial

fracture 62B3 with a protrusion of a quadrilateral plate

(Letournel classification for acetabular fractures)12 was

performed by making osteotomy along the premarked frac-

ture lines (Figure 1).

Osteosynthesis Techniques

In the 1-stage group, the posterior column was stabilized with a

3.5-mm reconstruction plate (Figure 2). The stabilization of the

anterior and posterior columns was achieved using 1 intra-

acetabular reconstruction bent plate that was fixed with screws.

Once the columns were stabilized, a cemented-type polyethy-

lene acetabular cup was implanted with an aim to simulate

THA (Figure 2).

In the 2-stage group, through anterior approach, the anterior

column stabilization with a reconstruction plate was performed

(Figure 3). Then, through the posterior approach, the standard

internal posterior column osteosynthesis followed by implanta-

tion of the cemented acetabular cup was performed using the

same technique as it was in 1-stage protocol.

Figure 1. The premarked fracture lines for simulation of 62B3
fracture with protrusion of a quadrilateral plate.

Figure 2. A, One-stage osteosynthesis before total hip arthroplasty
(THA). B, One-stage osteosynthesis after the cemented cup
implantation.
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In both groups, a standard 3.5-mm pelvic reconstruction

plate (11-hole) and 3.5-mm cortical screws were used for

osteosyntheses. The same parameter screws put in the same

location holes were used in all osteosyntheses. We used the

11- � 135-mm femoral stem, 32-mm-diameter femoral head,

44-mm acetabular polyethylene cup, and 40 g of bone cement

for performing the THA.

Biomechanical Testing

The pelvis was positioned at the level of the anterior iliac spine,

whereas the pubic bone was located orthogonally in the back-

ground. Then the presacral iliac part was attached to the coor-

dinate rotation table imitating rotational accuracy of 5�. This

setup simulated a physiological pelvis anteversion of 50� to

60�. The simulation of normal human gait was based on the

anatomical studies that found 45� abduction and 15� antever-

sion of the normal femoral head (Figure 4).13 After adjustment

of the hemipelvises, the calibration of the coordinate system

was performed.

Four mechanical distance indicators were used for the mea-

surement of fracture displacement. Two indicators measured

the anterior column fracture gap. The other 2 indicators mea-

sured the posterior hemitransverse fracture gap. With the mea-

suring accuracy of 0.01 mm, the indicators were pretensed up

to 4 mm in order to have a free measurement capacity. The

frame of the measuring device was attached with stiffness of

more than 500 N/mm to ensure stability of the basis. The ref-

erence points were situated in the inner quadrilateral plate. The

protrusion was measured as medial dislocation of the marked

fragment. This gap was used as baseline. The test load proce-

dures in both protocols included 3 preload tests (15 N) for

the pretension of structures and 1 ultimate load test (1187 N).

The measurements were done exactly at the fracture site, so the

apparent motions of the hemipelvises and the testing setup have

not affected the results. The fracture gaps were recorded when

the maximum load of 1187 N was applied. Load distance dia-

grams were generated using the raw data (ASCII format).

Data are presented as median, 25th and 75th percentiles, and

a Wilcoxon signed rank test was applied for nonnormally dis-

tributed data. The Mann-Whitney U test was used to assess the

differences between groups. A statistical analysis was per-

formed using PASW (PASW Statistics 17, SPSS 20.0; IBM

Corporation, New York). The significance level was set to

a ¼ .05 (2 sided).

Results

The 0.680-mm gap (0.518; 1.548) of the posterior column in

the 1-stage group (n ¼ 10) was higher when compared to

the 0.370-mm gap (0.255; 0.428) in the 2-stage group

(n ¼ 10; P ¼ .002; Figure 5). There was no difference

between the gap of the anterior column in the 1- and 2-stage

groups (0.135 [0.078; 0.290] mm vs 0.160 [0.120; 0.210] mm;

P ¼ .579; Figure 6).

Figure 3. Two-stage osteosynthesis group before the cemented cup
implantation. A, Lateral view. B, Anterior view.

Figure 4. Biomechanical workbench. Normal femoral head 45�

abduction and 15� anteversion.

Figure 5. Posterior column fracture gap after loading.
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Discussion

The most important finding of the present study was that

2-stage technique provided better stability for anterior column

in 62B3 fracture osteosynthesis than the 1-stage technique.

Although statistically significant difference was observed,

there was only 0.310 mm difference between the posterior

column means in the 2 groups, which is in doubt to reflect

clinical importance. However, the experiment was conducted

using synthetic bones, which represents healthy nonosteoporo-

tic bone. It is possible that there would be a bigger difference in

poor quality bone.

Acetabular fractures as a result of low-energy mechanisms

(osteporosis-related) in elderly patients can be well treated by

nonoperative management, ORIF, or acute THA. However,

few data exist regarding the treatment outcomes for geriatric

acetabular fractures. It is difficult for clinicians to decide

among ORIF, percutaneous fixation, acute THA, and nono-

perative strategies of treatment.

The ORIF shows a high 1-year mortality rate of 25% and a

28% rate of conversion to THA after ORIF.14 It has been

reported that bony union of acetabular fracture after ORIF was

achieved in 74% of patients younger than 60 years, but in only

44% of patients older than 60 years.6 A recent systematic

review involving a number of databases to identify studies that

included outcomes in patients aged >55 years has indicated that

the overall mean rate of conversion to THA was 23.1%, rate of

nonfatal complications was 39.8%, and the mean mortality rate

was 19.1% at a mean of 64 months.3 In the present study,

anterior fixation of the pelvic rim and posterior stabilization

of standard posterior column fixation ensured good stability of

both columns and provided good conditions for the cemented

cup implantation.

In vivo measurements of hip joint stress were previously

performed using the instrumented hip endoprostheses in differ-

ent loading conditions. Our choice of 1187 N maximum load-

ing is relevant to elderly patients after THA who use crutches in

order to reduce the lower limb loading. Damm et al15 found that

loading on the operated hip approximated 160% to 180% body

weight during a 4-point gait when walking with forearm

crutches in early postoperative period. The choice of 1187 N

maximum loading in the present study is in accordance with

these findings. Our calculation was based on the assumption

that the body weight is 70 kg.

Nie et al found that stress in acetabular dome is concen-

trated in the acetabular rime, the superior part of the lunate

surface, and the posterior–superior surface of acetabulum in

normal hip joint, while the highest stress is in the posterior

hemitransverse fracture area.16 These findings explain why

we have observed a significantly lower displacement of the

posterior column fracture gap in the 2-stage protocol com-

pared to the 1-stage. In the 2-stage protocol, the acetabular

dome was secured by 2 plates above the dome, and the ante-

rior column fixation has possibly neutralized stress in the

posterior hemitransverse fracture zone. Meanwhile, in

the 1-stage protocol, the anterior column fixation was under

the acetabular dome, and thus bearing in mind the cranial

direction of the loading, it did not provide sufficient support

to the posterior column fixation.

This study has some limitations. First, it has a small sample

size and our findings are inconclusive. Next, in one of the

1-stage protocol tests, we found higher displacement than in

other tests of this group. The calculated Z values suggested that

it is a relative exception. Since we found significant difference

between the 2 study groups when data from this particular test

were excluded from the analysis, it suggests that this relative

exception did not have an impact on the conclusion. Finally, we

used our research group’s designed and custom-made testing

rig and we did not find similar study to validate it. Since we did

not find biomechanical study reports on the use of ORIF with

THA, we could not compare our results with the findings of

other researchers.

The recently published 5-year follow-up of functional out-

comes in the oldest independent old and very old patients (>80

years old) with previously good functional status has demon-

strated that with appropriate surgical and geriatric care, they

have few hip dislocations and reoperations, survive postfrac-

ture at least as long as their noninjured contemporaries, and

continue to function and ambulate as they did prior to their

injury.17 It is noteworthy that when the fracture fixation is

followed by acute THA, the perfect reduction of fracture is not

required. The resected femoral head may be used for the auto-

graft of bone defects. These advantages are important for the

better outcomes of treatment. We believe that our findings will

encourage future research in this field.

Conclusion

The 2-stage osteosynthesis of anterior and posterior columns in

combination with THA provided better stability of posterior

column when compared to 1-stage osteosynthesis in the experi-

mental model. Our findings are inconclusive and require inves-

tigation in future research.

Figure 6. Anterior column fracture gap after loading.
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12. Beaulé PE, Dorey FJ, Matta JM. Letournel classification for acet-

abular fractures. Assessment of interobserver and intraobserver

reliability. J Bone Joint Surg Am. 2003;85-A(9):1704-1709.

13. Bergmann G, Graichen F, Rohlmann A, et al. Realistic loads for

testing hip implants. Biomed Mater Eng. 2010;20(2):65-75.

14. O’Toole RV, Hui E, Chandra A, Nascone JW. How often does

open reduction and internal fixation of geriatric acetabular frac-

tures lead to hip arthroplasty? J Orthop Trauma. 2014;28(3):

148-153.

15. Damm P, Schwachmeyer V, Dymke J, Bender A, Bergmann G.

In vivo hip joint loads during three methods of walking with

forearm crutches. Clin Biomech (Bristol, Avon). 2013;28(5):

530-535.

16. Nie Y, Pei FX, Li ZM. Finite element modelling for assessing

effect of acetabular component orientation on the basic stress path

above acetabular dome. Orthop Surg. 2015;7(1):66-73.

17. Godoy Monzón D, Iserson KV, Jauregui J, Musso C, Piccaluga F,

Buttaro M. Total hip arthroplasty for hip fractures: 5-year follow-

up of functional outcomes in the oldest independent old and very

old patients. Geriatr Orthop Surg Rehabil. 2014;5(1):3-8.

Uvarovas et al 157



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


