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Objective : To study biomechanic effect of pubic ramus fracture fixation.the biomechanical evalution
compared standard plating technique, retrograde intramedullary screw and titanium elastic nail osteosysthesis
in human cadaveric by considering mechanical axial load to failure.
Material and methods : Eighteen each hemi-pelvis specimens dissect for study. 3 Group of material
fixation. Mean age of 70 yrs were harvested. An APC-II unstable pelvic injury hemi pelvis. Group A Hemi-
pelvis fixation anterior 10 hole 3.5 mm. reconstruction plate with four 3.5 mm. cortical screws. Group B.
disruption as APC-II but fixation with 6.5 mm. retrograde medullary screw 90 mm. long. Group C. disrup-
tion APC-II but fix with 4 mm. diameter titanium elastic nail. The specimens originated without skeletal
disease. Fixation platform test setup for biomechanic testing with anterior and posterior marker attached
for optical vertical loading direction through the acetabulum.
Results : General information of cadaveric from each group result showed plate fixation decrease pubic
ramus slightly better than retrograde intramedullary fixation but significant if compare with titanium elastic
nail.(P <0.05) When compare disruption between retrograde medullary screws and titanium elastic nail.
Axial load compression to failure (newton) of different type fixation anteroposterior compression
type Il hemi-pelvis. Disrupted pelvis fixed with 4.0 mm. diameter titanium elastic nail, Disrupted pelvis fixed
with 6.5 mm. diameter retrograde intramedullary screws 90 mm. long, Disrupted pelvis fixed with contoured
3.5 mm. 10 hole low profile reconstruction plate to superior pubic rami. Statistical significance P < 0.05
standard plating strongest resisted cyclic load. Failure mode in group A plating the specimen exclusively
failed by plate bending, group B, C failure mode was characterized by screw cutting through the cancellous
or blend intramedullary.
Conclusion : This study show the stabilization for pubic ramus fracture with standard plating (3.5 mm.
contour low profile reconstruction plate) was still strongest of choice fixation in biomechanic testing for
pelvic injury type anteroposterior pubic rami fracture. Provide anterior pelvic stability superior comparable
to other fixation type While alternative fixation such as retrograde intramedullary screw, Titanium elastic
nail could be placed intramedullary for fixation after reduction. But still not having enough strength for
resisted cyclic load or torsion. However, the extensive soft tissue dissection required for plating must be
considered in contrast to the minimally invasive intramedullary fixation.
Keywords : Pubic ramus fracture-fracture fixation-standard plating-retrograde intramedullary screw-
titanium elastic nail fixation-Biomechanics.

Royal Thai Air Force Medical Gazette, Vol. 65 No. 2 May - August 2019




Vol. 65 No. 2 May - August 2019 Royal Thai Air Force Medical Gazette 11
(Fnwusauaiiv)
M3ANHINMSEAATINIZANTNNTINYBIT NN IE el
Lﬁam?i”anﬁsmLﬁﬂuﬁawam@auamaﬁﬂsmwwmmﬂ?’i’[am%mmiﬁmhﬂ °)

ugm geladsiun wu.

nevaaslatang sw.oinaagasiny we.

Taguszaea : dadssfiuussinsnidanldiaalansfenseanlfssnaumardalunsdinssg ndadanau
weIna U

Kiheuasdtnis : 9 Ganmuaneeasdlnylekiousesadu 2 dausia 1 ilassenszgnldiisznoy
msfiaessaeianmulanzafiasg o I@amiméf@l‘ﬁ'ﬁé’ﬂmﬁwﬁmﬁLﬂummimslumﬁﬂmmﬁLmﬂﬁﬂmamig@ﬂ
Banas utiseamasdinudienayin utsuuumstiasiseanidu 3 ngu ngufl 1 fasean 3.5 mm. standard
low profile reconstruction plate ﬂq'mﬁ 2 fine396ne 6.5 mm. diameter intramedullary screw ﬂq'mﬁ 3 Haasane
4 mm. diameter titanium elastic nail mﬂ‘ﬁ”ﬁ”ﬁQmﬂamﬁﬂﬁm’maau alignment under fluoroscopy M3
maintain pelvis and control rotation 70 84N Ul avhiseesURLIS0sE N EInamaes nass
3dldibminite loading N3e¥heio pelvis part Weuvbd acetabulumn viSauiaslnnluwh standing position
ﬁﬁqmwé’ﬂ%’mamamfmimﬁmﬁﬂmmiwmamwwﬁﬁn@ sminfianeasiuEndanemimindu axial loading
aunh fixation osteosynthesis failure udAelANIERaNYIaATIAMEIRABUIMETINTinT e
srmadestia ldiedasiooussdauasnasauuaidae

NANTSANI : HAFNAIAMALAABIUAL U TUSIDUIINAII8Y standard plating Senanniigauazdiaeauansh
Foatfaehaflviuaheny oWy titanium elastic nail (standard plating group/titanium elastic nail) P = 0.013
Gomimusausmesnniigeuasinruldneviaduaeaisonnmendaioniign TudmaamsnmBeudoums
FINaFanIYas standard plating MU intramedullary screw ﬂ%@ﬁvl,mmﬂ@mﬁuaa'mﬁﬂ?aa’wﬁagmaaﬁa P =0.324
loRansnfialsyAnsnmuasemunmsaLTneTYEE TN Mafiasaae standard plating Sadenamaaami
mﬁ’mamamﬁfﬁqaﬂ’jﬁa@mﬂawmﬁmﬁlu g

a5 : anmansMEnasEae BEaeRImsuain eIz nEnIMEnanbm e Blgikuea lanzanasg i
ferandaussymmusiausmaseanniign unalugag 4717.3388-5349.3279 FiRAE (5033.3333) T Uavazey
souipdovndslaiuussnaviaefigaatlutag 5.4250-6.5777 dade (5.9983) mm. Wuisnenaiifamondantdlu
Thaliiaifsatinachsienety athilsfimanmsmarhdadanasfufidasdennmunaiingno iiiemsinaiy
@im&mﬁéu’%nmaﬁ%@nﬁumﬂ mathdmlaemsidethnunauaslFianmamnadnanansavild uddasenduanm
Ty mw34m'wﬂwf%msﬂmmmwmmmaﬁaq suldfamediamsnidiauasgamanunlyslaadiumadentisend
Tumsadnmuemamanzan uazvhmsdnmealownea



12 Royal Thai Air Force Medical Gazette

Introduction

Fracture of pelvis commonly occur in high
energy trauma due to traffic accident. In general
the biomechanics of pelvic instability and alterations
in fracture situation are not yet thoroughly
understood because complex geometry and
structure. The fixation pubic ramus help to restore
the loading with more balanced stress distribution.
The strong periosteum, ligament and muscle
envelope will typically provide adequate stability
and allow healing. Classical surgical stabilization is
indicated in case severe displacement and unstable
pattern, transpubic fracture stability of anterior
pelvic ring and secondary such as pubic spike.
Additional fixation of anterior pubic ramus has also
proved beneficial in rotationally unstable injury
and failed conservative. Plating or alternative
percutaneous ante-retrograde intramedullary fixation
are possible fixation technique.

Materials and Methods

Eighteen hemi-pelvis from cadaver donors
aged 70.2 years on average (range 56-91 years).
The specimens were stripped of all soft tissue.
A vertical osteotomy of superior pubic ramus was
created in zone II according to Nakatani by using
standard oscillating 1 mm. saw blade. 4 cm. from
pubic sysphysis. To exclusively test the superior
pubic ramus osteosysthesis. The hemi-pelvis of each
donors were randomly assigned in three group
(Group 1) plating, 3.5 mm. 10 hole low profile
reconstruction plate with 4 cortical screws. (Group
2) screws intramedullary 6.5 mm. diameter retro-
grade screw partially treaded 90 mm. (Group 3)
TEN 4 mm. diameter titanium elastic nail. For drill
guided 2.7 mm. were inserted prior screw insertion,
starting from pubic tubercle and avoid the
acetabulumn by checked under fluoroscope liked
intramedullary screw technique, For plating instru-
ment, the plate was positioned on the superior
surface of pubic ramus after pre-shape to fit to the
curvature and secured with cortical screws. Align-
ment was checked under fluoroscope.
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Biomechanical testing

Biomechanical testing was performed on a
load cell. The set up with a specimen mounted for
mechanical test As Fig 1. Each specimen was
aligned and tested in a stimulated headstand
position. The iliac embedding was fixed to an
aluminium plate and lock x-y clamp. The aluminium
plate was attached to a ball joint that was locked
at an inclination 70 degree cranially, simulating the
same hip loading angle as measured in vivo.

The locked ball joint was connected to
the biomechanic machine base via XY-table to
compensate for horizontal movements during
biomechanic testing. Axial compression along
machine axis was applied to acetabulumn via a
stainless steel ball of 30 mm. radius. For the
purpose, acetabulumn hemispherical cavity was
created to transmit the load. Cyclic compression
loading was applied starting at 100N, was progres-

sively increase peak load aims to achieve construct

failure with different bone fixation. Fig 2.

Load cell

Steel ball

'8
y

‘ Ball clam

4 oy

Fig 1. Test setup with specimen mounted for
biomechanical testing. Vertical arrow denotes

loading direction.
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Fig 2. Instrument fixation A. stadard plating
3.5 mm. 10 Hole low profile reconstruction plate.
B. Intramedullary 6.5 mm. diameter screw

C. 4 mm. diameter titanium elastic nail.

Fig 3. universal testing machine/shearing/tensile/ Fig 5. Alignment under-fluoroscope G.plating,

compression 5960 series) H. intramedullary screw, I. Titanium elastic nail.

Result
Machine data is terms of axial displace-
ment (mm.) and axial loading (N) were acquired at

rate 128 HZ. Maximum load to failure and gab

displacement at the time was calculated.

Axial load compression to failure (newton)
of different type fixation anteroposterior compres-
sion type II hemi-pelvis. Disrupted pelvis fixed with
contoured 3.5 mm. 10 hole low profile reconstruction
plate to superior pubic rami. Disrupted pelvis fixed
with 6.5 mm. diameter retrograde intramedullary
screws 90 mm. long, Disrupted pelvis fixed with 4.0
mm diameter titanium elastic nail, Statistical
significance P < 0.05 standard plating strongest
resisted cyclic load. Failure mode in group A plating

the specimen exclusively failed by plate bending,

group B, C failure mode was characterized by screw

Fig 4. After osteosysthesis by D. plating, cutting through the cancellous or blend intrame-

E. intramedullary screw F. Titanium elastic nail. dullary
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Each one of the total displacements was
found significantly displace higher in group 3, P <0.05
(0.013) and number of cycle to failure in Group 2
minimal higher than group 1 but not significantly

P =0.324
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Fig 6. Diagram representing the values for inter-
fragmentary gab displacement after maximum load

to failure.
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Fig 7. Biomechanical load to failure in any implant.

Table 1 Parameter of interest total displacement and gab angle in 3 study group in mean value.

Implant Gab displacement (mm) Cyclic load to failure (N)
Titanium elastic nail 8.8638-13.3629 mean (11.1133) 2707.2481-3263.7519 (2785.5000)
Intramedullary screw 6.0892-6.9780 mean (6.5300) 4507.4219-4845.5781 (4676.5000)
Standard plating 5.4250-6.5777 mean (5.9983) 4717.3388-5349.3279 (5033.3333)

Discussion

versus titanium elastic nail in human cadaveric study.
The present study biomechanic compared  Aim purpose at anterior ring fixation in superior pubic
the fixation with 3.5 mm. low profile reconstruction  ramus model part. A clear biomechanic advantage

plate versus retrograde intramedullary screws  of plating technique was observed compared to use
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of intramedullary fixation screw or titanium elastic
nail. Loading configuration interm of cyclic loading
capacity,despite the fact we belived both fixation
methods revealed comparable initial construct
stiffness, To our knowledge, this is first biomechanic
study in 3 group compare in new assessing the
fixation stability of superior pubic ramus using
titanium elastic nail

The current study initial fixation strength
in each fixation seem to be similar, regardless
whether a plate or screw or titanium elastic nail
were used for compared. However under progres-
sive cyclic loading significant difference in stability
appear, with screws fixation and titanium elastic
nail being less reliable than plating.

The failure mode after fixation show in
showed destruction cancellous bone caused by screw
cut through,plate blending or intramedullary
bending. In contrast to the plate that showed
bending Fig 8, 9. Base on knowledge intramedullary
fixation must be rigid through the cancellous part
under shearing stress, but need technical demand.
Plate and screw and titanium elastic nail
osteosysthesis provided similar initial stiffness but
already significant difference in total fracture
displacement and the gap angle significant after
2,000 newton Load. In further study new technical
or implant selection may be consider. Althrough
fixation of anterior pelvic ring provides considerable
and rapid pain relief, complication after large
exposure from plating and blood loss and retrograde
screw cut through in main structure organ still
remain congsider base on patient status, fracture
configulation, bone quality and technical skill.
Limitation of the study are similar main all
cadaveric studies, A limit of number of specimens
were used. In addition, specimens preserved with

the method dissecting. The real biomechanical an
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ideal setting, neglecting clinical particularities, such
as muscle cover, soft tissue interference result

construct stiffness after fixation.

Conclusion

This study show the stabilization for pubic
ramus fracture with standard plating (3.6 mm.
contour low profile reconstruction plate) was still
strongest of choice fixation in biomechanic testing
for pelvic injury type anteroposterior pubic rami
fracture. Provide anterior pelvic stability superior
comparable to other fixation type While alternative
fixation such as retrograde intramedullary screw,
Titanium elastic nail could be placed intramedullary
for fixation after reduction. But still not having enough
strength for resisted cyclic load or torsion. However,
the extensive soft tissue dissection required for
plating must be considered in contrast to the
minimally invasive intramedullary fixation. Further
studies and development of invivo technique and

materials are an interesting issue.
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