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ABSTRACT

BACKGROUND: The purpose of this study is to compare biomechanical properties of suprapectineal (SP) plate fixation, in-
frapectineal (IP) plate fixation, and both SP and IP plate fixation in anterior column posterior hemitransverse (ACPHT) fractures of the
acetabulum using posterior and anterior column screws.

METHODS: In 21 hard plastic left hemipelvis models, ACPHT fractures of the acetabulum were created, and in three different fixa-
tion groups, the methods were compared: Group |: SP plating using a 3.5 mm reconstruction plate and cortical screw fixation, Group
2: infrapectineal plating using 3.5 mm reconstruction plate and cortical screws combined with posterior and anterior column screws,
and Group 3: Combined fixation with SP and IP plating using 3.5 mm reconstruction plates and cortical screws. Maximum load to
failure (strength) of these three groups was compared between groups.

RESULTS: The mean maximum load of failure for three groups was 2921 N, 2018 N, and 3658 N, respectively. When strength was
compared considering the force that causing implant failure, it was determined that the strongest fixation was achieved when SP and
IP fixation method were applied together, followed by SP only fixation and IP fixation supported by anterior and posterior column
screws, respectively.

CONCLUSION: The combined application of SP and IP fixation provides the most stable fixation of the ACPHT acetabular frac-
tures, and IP fixation does not provide comparable biomechanical stability despite reinforcement with three-column screws placed
away from the plate. Although IP fixation supported by anterior and posterior column screws with the limited combined approach is
less invasive approach for patients, SP fixation should be included in the surgical treatment method to ensure adequate stability.

Keywords: Acetabulum; anterior column posterior hemi transverse; biomechanics; fracture.

the acetabulum. Therefore, this fracture pattern is often as-
sociated with comminuted fractures and the central disloca-

INTRODUCTION

Anterior column posterior hemitransverse (ACPHT) frac-
tures are typical acetabular fractures frequently seen in pa-
tients aged >65 years. In ACPHT fractures, the force trans-
mitted from the femoral head into the pelvis causes fractures
involving the quadrilateral surface (QLS), the medial wall of

tion of the femoral head.[

Per published clinical and biomechanical studies, surgical
treatment for ACPHT among elderly patients is preferable.
241 The surgical method frequently used in the early period
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when the surgical approach was widespread in the treat-
ment of ACPHT fractures was suprapectineal (SP) fixation
with long periarticular screws using the classical ilioinguinal
approach. Due to the difficulty in achieving anatomical re-
duction of the QLS with the classical ilioinguinal approach in
ACPHT fractures, anterior intrapelvic approaches such as the
“modified stoppa” method, in which the QLS can be directly
explored, have become popular in recent years. The modi-
fied Stoppa approach provides intrapelvic but extraperitoneal
access to the infrapectineal (IP) area. Thus, the surgeon can
access the medial walls of both the anterior and the poste-
rior columns and can place the plate in the same plane as the
displacement.>*]

Given that most elderly patients have comorbidities and sur-
gical intervention is associated with a high risk of complica-
tions, the surgical approach of choice would be one that is
least invasive, has least risk of complications, has the least op-
erating time, and provides sufficient stability. Recent reports
suggest that the intrapelvic approach along with a limited il-
ioinguinal approach is safer and requires less application time;

Figure 1. Fracture model created in left hemipelvis model. (a) Standardized drawing and definition of fracture lines using

however, studies evaluating the biomechanical properties of
this fixation alone are scarce.!

This study aimed to compare the biomechanical properties
of three methods of fixation: () The SP plate or (2) IP plate
fixation, along with anterior and posterior column screws,
and (3) double plate fixation including both the SP and IP ar-
eas. We hypothesized that IP fixation alone is biomechanically
insufficient, even if reinforced with periarticular long screws
and infra-acetabular corridor screw.

MATERIALS AND METHODS

Specimens, Fracture Models, and Test Mechanism
Preparation

Per the power analysis performed for this study, 2| purpose-
made polyurethane foam adult left hemipelvis models (Syn-
bone AG, Malans, Switzerland, Model No: 4033) were used.
Using the reference points in each hemipelvis model, a stan-
dard ACPHT fracture model was created per the Letournel-
Judet classification. According to Letournel-Judet classifica-

sculptural dough. (b) Lateral view of the fracture model. (c) Medial view of the fracture model.
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Figure 2. The experimental setup. (a) The position of the experimental setup on the Instron device. (b) Metal box setup
in which bone models are embedded. (c) Femoral stem and head providing load transmission to the acetabular.
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tion, considering the coordinate axis system, the fracture line
extending from the center of the acetabulum to the iliac wing
was defined as the “Y” line, the hemitrasverse fracture line as
the “X” line, and the fracture line extending from the inferior
of the acetabulum to the anterior was as the “Z” line (Fig. 1).

During the preparation phase, a metal adapter was created to
imitate the physiological load to be applied to the acetabulum
according to the suggestions of the Mechanical Engineering
Department of our university. The metal adapter consisted of
a metal box that was adjusted at an angle to allow physiolog-
ical loading on the hemipelvis models, allowing squeezing of
the box placed in it and acting as a chamber. The same metal
box setup was used in each experiment (Fig. 2). All hemipelvis
models were fixed inside standardized metal boxes separately
using dental modeling stones (Denstone 3, Ankara, Turkey)
to prevent disruptions in measurements that would occur
because of displacement in the coronal and sagittal planes
during loading. Load transfer was made to the acetabulum
through the femoral stem using a 54 mm bipolar head (Fig. 2).
Both the metal adapter and the femoral stem were adapted
to the biomechanical measuring device using a 20x1.5 mm
bolt. The suitability of the device for the test was confirmed
by evaluating the images obtained from the preliminary ex-
periments.

Study Groups and Instrumentation

Three homogeneous study groups were created based on
the method used to fix the ACPHT acetabular fracture in
the hemipelvis model. Each group consists of seven pelvic
models. Titanium conventional reconstruction plates (3.5
mm, ten holes) and titanium cortical screws were used in all
groups. After all the plates were anatomically contoured, the
proximal and distal ends of the both SP and IP plates were
fixed with two cortical screws. After that two periarticular
long cortical screws (90 mm and |10 mm) to the posterior
column and | screw (80 mm) through the infra-acetabular
corridor into the anterior column were placed from the SP
area through plate in SP group and away from the plate in IP
group. The fracture line proximal to the anterior column was
fixed to the iliac wing with one cortical screw. The number
of screws and their configurations were decided based on
previous biomechanical studies.>*!

In Group |, pelvic reconstruction plates were fixed on the
SP area. Anterior and posterior column screws were placed
through the plate (Cytronics, Bursa, Turkey) (Fig. 3).

In Group 2, pelvic reconstruction plates were fixed on the
IP area. Anterior and posterior column screws were placed
away from the plate from SP area (Cytronics, Bursa, Turkey)

(Fig. 3).

In Group 3, fixation was achieved using double plating with
pelvic reconstruction plates located on the SP and IP areas.
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Group 1

Figure 3. X-ray images and post-fixation view of the study groups.
(a) Anterior-posterior view. (b) lliac oblique view. (c) Obturator
oblique view. (d) Post-fixation view.

Anterior and posterior column screws were placed through
the SP plate (Cytronics, Bursa, Turkey) (Fig. 3).

Biomechanical Test Configuration and
Mechanical Measurements

Three different fixation methods were compared biomechan-
ically under vertical loading using an automated material test-
ing machine (Instron Model No: 8874; Instron Corp, Canton,
MA). Hemipelvis models were fixed before each experiment
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ensuring proper configuration of the Instron device. During
this fixation, all hemipelvis models were positioned as stan-
dard to ensure that the load is transmitted to the acetabulum
in the same direction as the joint reaction force (at a 13° an-
gle with the sagittal plane).”! The force-applying bipolar head,
acetabulum, and the load unit that measured the force were
on the same vertical axis on both anterior-posterior and lat-
eral planes. Before each experiment, a 100-N compression
force was applied, and compression was performed between
the hemipelvis model connected to the measuring cell and
the femoral stem. The indicator detecting the change in dis-
tance on the test machine at 50-N preload was then reset.

The biomechanical compression test was carried out within
a measuring range of 5 mm/min with axial loading continued
until the development of a failure. The implant and system
structures were deemed insufficient when a prolonged de-
crease was observed after the peak point on the force-dis-
placement graph; the test was then terminated.

In the static loading model, strength was evaluated during
mechanical measurement; strength was the magnitude of
force applied until insufficiency developed. During the biome-
chanical compression test, loosening of the screw head or the
protrusion of grooves of one or several screws, separation of
the plate from the fixation points, or >3 mm displacement
in the fracture line were considered as insufficiencies. In the
experimental setup, both compression forces and bending
forces affected the implants. Anatomically, force was applied
to and measurements were taken from the rotation center
of the hip joint.

Statistical Analysis

The Levene test was used to determine homogeneous distri-
bution among groups. The normality of the distribution among
the groups was determined using the Shapiro-Wilk test. Dif-
ferences among groups in the magnitude of force causing im-
plant failure were determined using the post hoc Tukey test
of the variance analysis test before applying the Levene test
for each parameter. Data were analyzed using SPSS (Statis-
tical Package for the Social Sciences, version I1.5, SPSS Inc,
Chicago, IL, USA) and p<0.05 were considered significant.

h 3 «“ 4

Figure 4. Implant failures in each group.r (a) Implant failure in the first group: Medial view, separation in Z line. (b) Implant failure in the

RESULTS

Group Averages

The mean maximum load to failure and the most common
types of implant failures were recorded for each group.

Group 1

For Group |, the mean maximum load to failure was
2922+609 N (2350-3872 N). The most common implant fail-
ure was a separation in the X fracture line extending to the
iliac wing and fracture in the iliac wing (3/7). Other implant
failures in this group included hemitransverse fracture line X
and separation in line Y (2/7), separation in line Y (1/7), and
fracture line Z extending anteriorly to the inferior acetabu-
lum (1/7) (Fig. 4).

Group 2

The mean maximum load to failure in Group 2 was 2019+362
N (1323-2394 N). The most common implant failure was a
separation in the X line and in all directions on the QLS (3/7).
Other implant failures in this group included separation in
the Z line and all directions in the QLS (2/7) and in the X line
(2/7) (Fig. 4).

Group 3

The mean maximum load to failure in this group was
36581456 N (2956 N—4349 N). The most common implant
failure was a separation in the “X” line (4/7). Other implant
failures included a separation in the Y line (1/7), separations
in the X and Z lines (1/7), and separations in the X, Y, and Z
lines and a separation in the QLS (1/7) (Fig. 4).

Mechanical Results

The inter- and intra-group distributions of the maximum
load to failure were homogeneous. On comparing implant
failures across groups, the mean strength (maximum load to
failure) was the highest in Group 3, followed by Group | and
Group 2 (Fig. 5 and Table |). Assessing the model strength of
each group showed force-frequency curve shifts significantly
to the right, with the highest shift in the group with the
least strength and the shift diminishing in groups with more

o A

first group: Lateral view, fracture in X line, and separation in Y line. (¢) Implant failure in the second group: Separation in the line leading to
the iliac wing. (d) Implant failure in the second group: Separation in the hemitransverse fracture line. (e) Implant failure in the third group:
Separation in the X line to the iliac wing. (f) Implant failure in the third group: Failure development with separation in X and Y line.
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Table I. The statistical comparison of the group strengths
Strength Group | Group 2 Group 3
Group | - <0.01 -
Group 2 - - <0.01
Group 3 <0.05 - -
P<0.05.

strength (highest in Group 2 and lowest in Group 3) (Fig.
6). This shift to the right indicates that Group 3 models had
greater strength than those in the other groups. Force-defor-
mation graphics of biomechanical experiments in all groups
are shown in Figure 7.

DISCUSSION

The incidence of acetabular fractures has increased 2.4 times
over the past 25 years and increase in incidence of acetab-
ular fractures is the highest among the geriatrics. In the el-
derly population, ACPHT fractures often develop in which
the integrity of the QLS of the acetabulum is disrupted and
protrusion of the femoral head into the pelvis is observed.
B Anatomical reduction is the main goal in the treatment of
these fractures involving the QLS to obtain a functional hip
joint. On the other hand, a mechanically adequate fixation
method should be used to maintain internal fixation until the
fracture heals.”! There is a debate in the literature regarding
the internal fixation method that should be used in the sur-
gical treatment of ACPHT fractures. Although many studies

4.000.004

3.500.004

3.000.004

2.500.004

Implant Failure/Newtonw

2.000.004

1.500.00
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Figure 5. Average force causing implant failure between groups.

have been conducted evaluating the biomechanical proper-
ties of different fixation methods,!'*¢! our study is the first
study evaluating the biomechanical properties of SP fixation,
IP fixation, and double plate fixation using conventional pelvic
reconstruction plates. The present biomechanical study
shows that the IP plate fixation is biomechanically insufficient,
although it is supported by anterior and posterior column
screws placed freely from the SP area.

To obtain accurate test results during the creation of loading
models, it is important to mimic the natural biomechanical
properties of the hip joint. Most past biomechanical studies
have used double-leg loading models, wherein the load was
transferred over the lumbar vertebra to the pelvis, or single-
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Figure 7. (a-c) Force-deformation graphics of biomechanical ex-
periments.
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Figure 6. Force ranges and frequency curve that cause implant failure within each group.
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leg loading models, wherein the load was transferred to the
acetabulum directly.®'1 Lateral compression loading mod-
els, which are frequently used to evaluate the biomechanical
strength of the fixation of QLS,?* do not simulate physiolog-
ical biomechanical conditions. Hence, we devised a test setup
that allows evaluation of the fixation method under normal
physiological single-leg loading.

The previous studies have used dynamic loading or static
loading models or models that used both for biomechanical
evaluations.?*!>-] Similar to Spitler et al.,l' we applied static
loading using the Instron device. To achieve optimal results,
biomechanical devices that mimic the normal walking phases
by allowing movement at a full range of motion are needed
for future studies.

In biomechanical studies in the literature, high-resolution
cameras and specialized transmitters can be used and data are
analyzed with unique software.*¢!% We obtained measure-
ments by applying the load on a single plane and did not use
any three-dimensional modeling. In addition, we obtained the
images with a high-resolution digital camera during and after
the testing of each material and determined the mechanism
of failure. On the other hand, similar to other biomechani-
cal studies, we applied the force entirely in the cranio-caudal
direction and aimed to build the study model inexpensively
so the tests can be repeated easily without simulating any
muscle or ligament support.

Composite bone models are often preferred in the litera-
ture given the difficulty of obtaining fresh cadavers and to
prevent anatomic differences between samples.['3%!%15] The
recent composite pelvis models, (4™ generation) are charac-
teristically very similar to human bone tissue.[*! Although us-
ing these models positively improves biomechanical analysis,
the 4% generation composite models are considerably more
expensive other composite models. In this study, we used
anatomically compatible standard hemipelvis models that
have been previously used in biomechanical studies.

A review of the existing literature shows that the strongest
fixation method for ACPHT fractures of the acetabulum in-
variably involves SP plate-screw fixation.['*¢! In addition, per
past studies, a stable QLS can be obtained with perpendic-
ularly placed long periarticular screws regardless of the fix-
ation method.[*'®! Thus, in contrast with other studies, we
utilized three-column screws through or away from the plate
for all groups. Studies have shown that SP fixation provides
the strongest fixation when strengthened with IP fixation;!
however, in these studies, IP plating alone was not evaluated
with the addition of the column screws. We found that the
strongest fixation was obtained in Group 3, in which both SP
and IP fixations were applied together in accordance with the
literature. The type of IP plate used and method of application
vary in the literature.l'?'% Pelvic reconstruction plates and dis-
tinct QLS plates are used to create a buttress effect on the

Ulus Travma Acil Cerrahi Derg, August 2022, Vol. 28, No. 8

QLS. In addition, these plates can be applied vertically or hor-
izontally to achieve the strongest fixation. However, studies
have shown that distinct buttress plates applied to the QLS do
not provide additional biomechanical support.l'? In this study,
we achieved IP fixation using a 3.5 mm pelvic reconstruction
plate applied horizontally. The second strongest fixation was
obtained in Group |, wherein SP plate and column screw fixa-
tion were applied. In this group, the region where most insuffi-
ciencies developed was the fracture line extending to the iliac
wing, indicating this as the weakest point of the fixation is this
region. Therefore, we suggest that strengthening of this area is
necessary for SP plating. Among Group 2 models, which had
the least strength, the separation on the QLS was more fre-
quent than in the other groups. This shows that periarticular
long screw fixation applied perpendicularly to the QLS pro-
vides better durability when applied through the plate. How-
ever, despite reinforcement with IP fixation, we found that IP
fixation alone was biomechanically inadequate.

This study has few limitations. First, only the static loading
model was used. Furthermore, during the test, displacement
in fracture lines could have been observed immediately using
special transmitters instead of high-resolution cameras. Com-
posite pelvis models do not simulate biomechanical proper-
ties of the natural bone. Using the cadaveric pelvis or 4th
generation biomechanical pelvis could have yielded a better
simulation of physiological conditions.

Conclusion

Although the data obtained from this study cannot be com-
pared with clinical results, the preservation of the reduction
obtained after fixation depends on the strength of the fixa-
tion method applied. Although IP plate screw fixation does
not provide comparable biomechanical stability despite rein-
forcement with three-column screws placed away from the
plate when compared to SP or double plate fixation. Accord-
ing to this study, the best fixation for ACPHT fractures is
double plating with column screws through the SP plate.
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Asetabulumun anterior kolon posterior hemitransvers kiriklarinda infrapektineal plak
tek bagina yeterli tespit saglar m1? Kargilagtirmali biyomekanik calisma

Dr. Ekin Kaya Simsek,' Dr. Bahtiyar Haberal,? Dr. Ates Mahmuti,® Dr. Bedi Cenk Balgik,* Dr. Hiiseyin Demirors?

'Beypazari Devlet Hastanesi, Ortopedi ve Travmatoloji Klinigi, Ankara

2Bagkent Universitesi Tip Fakiltesi, Ortopedi ve Travmatoloji Anabilim Dali, Ankara

3Silivri Ceza infaz Kurumu Devlet Hastanesi, Ortopedi ve Travmatoloji Klinigi, istanbul
“Bagkent Universitesi Miihendislik Fakiiltesi, Makine Mihendisligi Bélimi, Ankara

AMAC: Bu calismanin amaci, asetabulumun anterior kolon posterior hemitransvers (AKPHT) kirik tipinin olusturuldugu hemipelvis modelinde; arka
ve 6n kolon vidalar ile desteklenmis infrapektineal tespit yontemi, suprapektineal tespit yontemi ve suprapektineal ile birlikte infrapektineal gift plak
tespit yontemlerinin biyomekanik olarak karsilastirilmasidir.

GEREC VE YONTEM: Calismada politiretan kopiikten &zel olarak iiretilmis 2| adet sol hemipelvis modelleri {ic ayri gruba ayrildiktan sonra Leto-
urnel-Judet siniflandirmasina gore anterior kolon posterior hemitransvers asetabulum kirigi olusturuldu. Grup |; suprapektineal yerlesimli 3.5 mm
rekonstriiksiyon plak/vida tespiti ve plak lizerinden iki adet arka kolon ve bir adet 6n kolon vidasi uygulamasi, Grup 2; infrapektineal yerlesimli 3.5
mm rekonstriksiyon plak/vida tespiti ve suprapektineal alandan serbest olarak uygulanan iki arka kolon ve bir 6n kolon vidasi uygulamasi, Grup 3;
suprapektineal ve infrapektineal yerlesimli 3.5 mm rekonstriiksiyon plak/vida tespiti ve suprapektineal plak tizerinden iki adet arka kolon ve bir adet
6n kolon vidasi uygulamasi. Calisma gruplarinda uygulanan farkli tespit yontemleri, biyomekanik olarak otomatik materyal test makinesi kullanilarak
vertikal yliklenme altinda dayaniklilik bakimindan test edildi ve elde edilen sonuglar istatistiksel olarak karsilastirildi.

BULGULAR: Tiim gruplarda, siras ile implant yetmezligi gelismesine neden olan ortalama maksimum kuvvet miktari sirasiyla 2921 N, 2018 N ve
3658 N olarak belirlendi. implant yetmezligine neden olan kuvvet gz éniinde bulundurularak dayaniklilik kargilastirildiginda, en dayanikli tespitin
suprapektineal ve infrapektineal tespit yonteminin birlikte uygulandiginda saglandigi, bunu sirasiyla suprapektineal tespit ve 6n ve arka kolon vidalari
ile destelenmis infrapektineal tespit takip ettigi belirlendi.

TARTISMA: Bu calismada, asetabulumun AKPHT kiriklarinda, suprapektineal ve infrapektineal tespit yonteminin birlikte uygulanmasinin en stabil
tespiti sagladigini, dayaniklilik agisindan bunu suprapektineal tespitin takip ettigini ve arka ve 6n kolon vida uygulamasi ile desteklenmis infrapektineal
tespit’in tek basina yetersiz oldugunu belirledik. Asetabulumun anterior kolon posterior hemitransvers kiriklarinda limitli kombine yaklagim ile uy-
gulanan anterior ve posterior kolon vidalari ile desteklenmis infrapektineal tespit hastalar igin daha az invaziv olsa da yeterli stabiliteyi saglamak igin
suprapektineal tespit, mutlaka cerrahi tedavi yontemine dahil edilmelidir.

Anahtar sozclikler: Anterior kolon posterior hemitransvers; asetabulum; biyomekanik; kirik.
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