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acromioclavicular joint ligaments and
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Abstract
Background: Where is over 100 reconstruction techniques described for acromioclavicular (AC) joint reconstruction.
Although, it is not clear whether the presence of the sternoclavicular (SC) joint influences the biomechanical properties of
native AC ligaments and reconstruction techniques. The purpose of the present study was to investigate the bio-
mechanical properties of native AC joint ligaments and two reconstruction techniques in cadavers with the SC joint still
present. Materials and Methods: We tested eight fresh-frozen cadaver hemithoraces for superior translation (70 N
load) and translation increment after 1000 cycles (loading from 20 to 70 N) in a controlled laboratory study. There were
three testing groups created: native ligaments, the single coracoclavicular loop (SCL) technique, and the two cor-
acoclavicular loops (TCL) technique. Superior translation was measured after static loading. Translation increment was
calculated as the difference between superior translation after cyclic and static loading. Results: Native AC ligaments
showed significantly lower translation than the SCL (p ¼ 0.023) and TCL (p ¼ 0.046) groups. The SCL had a significantly
lower translation increment than native AC ligaments (p ¼ 0.028). There was no significant difference between recon-
struction techniques in terms of translation (p ¼ 0.865) and translation increment (p ¼ 0.113). Conclusions: Native AC
joint ligaments had better static properties than both reconstruction techniques and worse dynamic biomechanical
properties than the SCL technique. The SCL technique appeared to be more secure than the TCL technique. The
presence of the SC joint did not have an observable influence on test results.
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Introduction

From its physical appearance, the acromioclavicular (AC)

joint seems to have a simple structure; however, a growing

amount of laboratory-based research shows that its biome-

chanics are not yet fully understood.1 AC dislocation usu-

ally occurs as a result of direct force to the acromion with

the arm in an adducted position.2 AC dislocation injuries

are generally classified into six different types according to

Rockwood.3,4 Most authors agree that Rockwood types I

and II should be treated conservatively, and types IV–VI

should be treated operatively.5,6 However, treatment of

Rockwood type III injury remains controversial; recent lit-

erature advocates a conservative approach, with surgical

reconstruction only conducted in particular cases.1,7

Despite the description of numerous techniques, treatment

of AC joint dislocation remains controversial.1,5,8–10

There have been a number of biomechanical studies

conducted on cadaver shoulders.6–8,11–22 In all previous

studies, the scapula and clavicle were positioned anatomi-

cally, but the sternoclavicular (SC) joint was removed.

The SC joint provides movement around the sagittal axis;

during full elevation of the upper limb, the clavicle is

raised to an angle of approximately 60�.23 It is not clear

whether the presence of the SC joint influences the bio-

mechanical properties of native AC ligaments and recon-

struction techniques.

The purpose of the present study was to investigate the

biomechanical properties of native AC ligaments and AC

joint reconstruction techniques in cadavers with the SC

joint still present. Our hypotheses were that (1) native

AC ligaments would have better biomechanical perfor-

mance than both AC joint reconstruction techniques and

(2) the single coracoclavicular loop (SCL) technique would

have better biomechanical properties than the two coraco-

clavicular loops (TCL) technique.

Materials and methods

Specimen preparation

We used eight fresh-frozen cadaveric hemithoraces (com-

plex of the shoulder with the arm, half of the sternum, ribs,

and half of the vertebral column). The mean cadaver age

was 76 years (range 70–85 years). Each specimen was

thawed for 24 h before testing was conducted at room

temperature. Before dissection, the scapula was fixed to a

custom-made plate by five custom-made screws (6 mm

diameter) inserted into the infraspinatus fossa. The plate

was rigidly connected to the autopsy table in a specific

manner, with the plane of the clavicle oriented perpendi-

cular to the linear actuator. We then dissected all soft tissue

surrounding the clavicle and acromion, leaving an intact

AC joint, coracoclavicular (CC) ligaments, and SC joint.

Two experienced surgeons visually inspected all specimens

for observable diseases and cortical bone quality.

Surgical techniques

Native ligaments group. Native AC ligaments.

SCL group. Two 2.5 mm drill holes were made; the first was

4.5 cm from the distal end of the clavicle in its anterior half,

and the second was 2.5 cm distal from the first drill hole in an

oblique direction in the posterior half of the clavicle. The

position of the drill holes imitated the normal attachment

points of the CC ligaments.6 Double no. 2 polyester suture

(Atramat, International Farmaceutica, Mexico City, Mexico)

was passed under the coracoid process through the drill holes

in the clavicle. A knot was made on the superior surface of the

clavicle. Next, a 2-mm diameter hole was drilled horizontally

from ventral to dorsal in the acromion and the sternal end of

the clavicle. To secure the AC joint, no. 2 polyester suture was

passed through these holes, and an additional figure of eight-

shaped configuration suture was made (Figure 1).

TCL group. The same drill holes were used for the SCL

technique. This technique was performed similarly to pre-

viously described polydioxanone suture (PDS) reconstruc-

tion with additional AC cerclage10; we modified this

technique using polyester suture instead of PDS. The CC

ligaments were repaired using two no. 2 polyester cords.

Each of the cords was guided around the base of the cor-

acoid and then passed through one of the drill holes in the

clavicle. A figure of eight-shaped AC suture was then made

as described previously (Figure 2). All sutures were tied by

the same experienced surgeon.

Figure 1. Schematic drawing of the single coracoclavicular
loop technique (front view): (1) clavicle, (2) coracoid process,
(3) acromion process, and (4) knots.

Figure 2. Schematic drawing of the two coracoclavicular
loops technique (front view): (1) clavicle, (2) coracoid process,
(3) acromion process, and (4) knots.
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Biomechanical testing

A custom-built testing device was used (Figure 3). This

device had three main parts: (1) the frame with the linear

actuator attached to it (the frame was rigidly connected to the

autopsy table, and the linear actuator was connected to the

acromial end of the clavicle by a 2-mm diameter cable); (2)

the plate for fixing the scapula to the autopsy table; and (3)

the processor for linear actuator control and data acquire-

ment from the force sensor (at a rate of 9.6 kHz). The force

sensor was set in between the linear actuator and the clavicle.

Digital calipers (Vagner SDH, Slovenia) with an accuracy of

0.01 mm were used to measure the distance between two

points on the linear actuator: one point on the moving part

and the other on the stable part. The change in the distance

between these points was considered as elongation of the

structures between the clavicle and the scapula.

Each specimen underwent three tests: one in its native

state and one for each of the two different reconstruction

techniques. After native state test, AC and CC ligaments

were dissected. All specimens were preconditioned from 0

to 70 N for one cycle in a superior direction to eliminate

creep phenomenon. The testing protocol included static and

cyclic loading. In the static part, there were two measure-

ments: the first was taken at a load of 10 N and the second at

70 N. To achieve equal tension of the structures, each load

was applied for 5 s before measurement. The difference

between the first and the second measurements was defined

as translation in the superior direction. Immediately after the

static testing, cyclic loading was started for 1000 cycles from

20 to 70 N at a rate of 1 Hz. The third measurement was

made after the last cycle, at the peak of 70 N and 5 s hold.

The difference between the second and the third measure-

ments was defined as the translation increment.

Statistical analysis

All variables are presented as mean + standard deviation.

A power analysis revealed that we needed a minimum of

five tests per group. This was calculated using translation

from the primary tests of the native ligaments group and the

SCL group. The difference to detect was set at 0.24 + 0.13

mm with an a value of 0.05 and a power of 0.80 (1� b). To

reduce the risk of types I and II failure, we set a sample size

of eight. The Kolmogorov–Smirnov test was used to assess

the normal distribution for translation and translation incre-

ment. Two-way analysis of variance (ANOVA) was used to

assess differences between the three groups. SPSS v22.0

software was used for statistical analysis. MS excel soft-

ware was used for additional calculations.

Results

Native ligaments group

Native ligaments had a translation of 5.13 + 1.17 mm and

a translation increment of 0.74 + 0.23 mm (Figure 4).

SCL group

The SCL technique had a translation of 8.62 + 3.04 mm

and a translation increment of 0.42 + 0.20 mm.

TCL group

The TCL failed during static loading in one specimen. The

pattern of failure was a tear of one of the CC slings, fol-

lowed by a tear of the other (it was not recorded which of

the CC slings failed first) and complete cutoff of the figure

of eight-shaped AC suture from the acromial end of the

clavicle. The final sample size in the TCL group was there-

fore seven. TCL reconstruction had a translation of 8.33 +
3.30 mm and a translation increment of 1.19 + 1.07 mm.

Translation was significantly lower in the native liga-

ments group than in the SCL (p ¼ 0.023) and the TCL

(p ¼ 0.046) groups. Translation increment was signifi-

cantly higher than in the SCL group than the native

Figure 3. Biomechanical testing setup: (1) processor, (2) frame,
(3) linear actuator, and (4) specimen.

Figure 4. Translation in the superior direction. *A statistically
significant difference. SCL: single coracoclavicular loop; TCL: two
coracoclavicular loops.
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ligaments group (p ¼ 0.028), and there was no significant

difference between the native ligaments group and the TCL

group (p ¼ 0.342; Figure 5). There was no significant dif-

ference between the SCL and the TCL group in terms

of translation (p ¼ 0.865) and translation increment

(p ¼ 0.113).

Discussion

To the best of our knowledge, this is the first report on

biomechanical testing of the AC joint and its reconstruction

techniques in the presence of the SC joint. The most impor-

tant finding was that the presence of the SC joint did not

have a measurable influence on testing data. Native AC

ligaments had better static properties than both reconstruc-

tion techniques and worse dynamic biomechanical proper-

ties than the SCL technique. The SCL technique appeared

to be more secure than the TCL technique.

In the literature, the average superior translation of

native AC ligaments under 70 N loading varies from 2 to

8 mm, which is consistent with the 5.13 + 1.17 mm found

in the present study (Table 1). However, in both reconstruc-

tion groups, we observed a slight cutoff in the transverse

tunnel of the figure of eight-shaped suture in the acromial

end of the clavicle. This resulted in increased translation,

and we did not have a method to measure its influence on

the final data. We propose two possible reasons for this

cutoff: (1) the acromial end of the clavicle mainly consists

of trabecular bone, and no. 2 polyester suture might not

have had enough surface contact with the bone. This size

suture should be considered insufficient for use in the acro-

mial end of the clavicle. (2) The SC joint provides motion

in the sagittal axis; therefore, the acromial end has higher

superior translation than the more proximal parts of the

clavicle under loading. This might result in additional stres-

ses on the AC site, which may help to explain the cutoff and

the significantly higher translation that the reconstruction

techniques had compared with native AC ligaments. It is

also possible that the SC joint has an influence on the bio-

mechanical behavior of native AC ligaments and AC recon-

struction techniques, but our testing setup failed to detect

this. It should be taken into account that specimens in this

study had a mean age of 76 years and eight-shaped suture

might be more beneficial in young persons with better qual-

ity of trabecular bone to maintain horizontal stability.

The purpose of the present study was to investigate the

biomechanical performance of native AC ligaments and

AC joint reconstruction techniques. The results are par-

tially in agreement with our first hypothesis; native AC

ligaments had better static biomechanical properties, but

they showed inferior cyclic results compared with the SCL

group, and there was no difference compared with TCL

group. The second hypothesis is rejected, as there was no

significant difference between SCL and TCL reconstruc-

tion in terms of translation and translation increment.

Although SCL tended to have higher estimates than TCL

in cyclic loading, this difference was not statistically sig-

nificant. However, TCL had higher variance around the

mean in translation and translation increment than SCL,

and TCL reconstruction failed during static loading in one

specimen. This might be because both CC loops were

knotted separately, and it was impossible to pre-tension

them equally; one of the loops was more tensioned than

the other, and thus sustained higher stresses under loading.

Because of these abovementioned circumstances, SCL

appeared to be more secure than TCL.

We chose 70 N as the maximum magnitude loading in

this study because of the assumption that the scapula (cor-

acoid process and acromion) and clavicle are rigid bodies

with ligamentous structures between them, and this 70 N

loading simulates arm weight.2,8,12,13,24 The prescribed

cyclic testing protocol covers at least 10% physiological

load situation in the early postoperative rehabilitation

period.2,24 In the literature, under the same cyclic loading

protocol, synthetic materials are reported to have superior

cyclic biomechanical properties compared with biological

material.22 Our results confirm these previous findings; the

native AC ligaments had a significantly higher translation

increment than the SCL reconstruction technique.

Figure 5. Translation increment. *A statistically significant
difference. SCL: single coracoclavicular loop, TCL: two
coracoclavicular loops.

Table 1. Review of the literature.

Study Number of specimens
Displacement under

70 N (mm)

Mazzocca et al.6 14 6.14 + 3.70
14 5.63 + 2.14
14 4.38 + 2.45

Beitzel et al.13 18 4.28 + 1.81
Beitzel et al.8 12 3.8 + 1.48
Beitzel et al.12 18 From 2 to 8
Present study 8 5.13 + 1.17
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One of the limitations of the present study is that each

specimen was used for three tests. This iterative loading

might have influenced the ligaments of the SC joint and

caused additional translation increment in the group that

was tested last. The second limitation is that we did not

measure bone mineral density; however, two experienced

surgeons visually inspected all specimens for observable

diseases and cortical bone quality.
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15. Sandmann GH, Martetschläger F, Mey L, et al. Reconstruc-

tion of displaced acromioclavicular joint dislocations using a

triple suture-cerclage: description of a safe and efficient sur-

gical technique. Patient Saf Surg 2012; 25: 6–25.

16. Shu B, Johnston T, Lindsey DP, et al. Biomechanical evalua-

tion of a novel reverse coracoacromial ligament reconstruc-

tion for acromioclavicular joint separation. Am J Sports Med

2012; 40: 440–446.

17. Staron JS, Esquivel AO, Pandhi NG, et al. Biomechanical

evaluation of anatomical double-bundle coracoclavicular

ligament reconstruction secured with knot fixation versus

screw fixation. Orthopedics 2013; 36: 1047–1052.

18. Tashjian RZ, Southam JD, Clevenger T, et al. Biomechanical

evaluation of graft fixation techniques for acromioclavicular

joint reconstructions using coracoclavicular tendon grafts.

J Shoulder Elbow Surg 2012; 21: 1573–1579.

19. Thomas K, Litsky A, Jones G, et al. Biomechanical compar-

ison of coracoclavicular reconstructive techniques. Am J

Sports Med 2011; 39: 804–810.

20. Walz L, Salzmann GM, Fabbro T, et al. The anatomic recon-

struction of acromioclavicular joint dislocations using 2

TightRope devices: a biomechanical study. Am J Sports Med

2008; 36: 2398–2406.

21. Wei HF, Chen YF, Zeng BF, et al. Triple endobuttton tech-

nique for the treatment of acute complete acromioclavicular

joint dislocations: preliminary results. Int Orthop 2011; 35:

555–559.

22. Wellmann M, Kempka JP, Schanz S, et al. Coracoclavicular

ligament reconstruction: biomechanical comparison of ten-

don graft repairs to a synthetic double bundle augmentation.

Knee Surg Sports Traumatol Arthrosc 2009; 17: 521–528.

23. Moore KL, Dalley AF, and Agur AMR. Clinically oriented

anatomy, 6th ed. Baltimore: W. Wilkins, 2010, pp. 794–796.

24. Lee SJ, Nicholas SJ, Akizuki KH, et al. Reconstruction of

the coracoclavicular ligaments with tendon grafts: a com-

parative biomechanical study. Am J Sports Med 2003; 31:

648–655.

Masionis et al. 5



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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

  /CreateJDFFile false
  /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


