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Background and purpose — The treatment of acetabu-
lar fractures remains technically demanding. In the case of
reduced bone quality or fracture morphology reducing the
amount of bone available for fixation, locking plates should
provide considerable advantages. The aim of the present
study was to compare conventional and locking plate fixa-
tion. It was hypothesized that locking plate fixation provides
less displacement and higher construct stiffness.

Methods — A T-shaped acetabular fracture was simu-
lated in 16 synthetic pelvic models. The fracture was
addressed with a biplanar 10-hole 2-column plate buttressing
the medial acetabular wall. Optical markers were attached to
the fracture sites for motion tracking. Standardization of the
acetabulum loading mechanism was performed using a uni-
polar hemiarthroplasty. The primary outcome measure was
displacement at the fracture sites. The secondary outcome
measure was the construct stiffness (N/mm).

Results — Fracture displacement was less in the group of
angular stable implants compared with the group fixed with
conventional non-locking implants. Under cyclic loading
displacement was less in the group of locking plate fixation.
No differences in mean initial axial stiffness were detected
between locking plate fixation (407 N/mm) and conventional
plating (308 N/mm, A 99 N/mm, 95% confidence interval
—48 to 245).

Conclusion — We showed that locking plate fixation
buttressing the medial acetabular wall achieved less fracture
displacement but showed no differences in axial stiffness
compared with conventional plating.

The incidence of acetabular fractures in patients aged = 60
years increased substantially in the last decades and is reported
to be the most rapidly growing segment of acetabular trauma
[1]. In particular, the entities of anterior column and quadrilat-
eral plate fractures are observed [1]. These fractures are asso-
ciated with an increasing prevalence of osteoporosis amongst
an aging population [1,2]. Acetabular fractures among elderly
patients with involvement of the medial wall and combined
with reduced bone quality are challenging to treat. Laflamme
et al. described that internal fixation buttressing the quadrilat-
eral plate is a feasible alternative to total hip arthroplasty [2].
Results of a case series including 62 elderly patients showed
that open reduction and internal fixation of acetabular frac-
tures is safe and reliable [3]. However, significant loss of
reduction was associated with reduced bone quality [2].

It is generally accepted that conventional plating has a higher
failure rate in poor bone stock compared with locked plating.
In the case of reduced bone quality and complex fracture mor-
phology, locking plates should provide considerable advantage.
An additional main indication for using angular stability is frac-
tures close to a joint. The potentially inferior outcomes in the
elderly patient led to specific treatment pathways, especially the
combination of internal fixation and arthroplasty. This surgical
approach allows early full weightbearing [4]. However, it is asso-
ciated with added technical complexity due to the often unstable
fracture limiting the implant positioning and with a potentially
significant perioperative risk following total hip arthroplasty in
the elderly patient group [4-6]. A feasible alternative might be
the use of a locking implant with angular stable screws.

The aim of the present biomechanical study was to compare
conventional plate fixation with locking plate fixation, both
buttressing the quadrilateral plate in a simulated T-shaped ace-
tabular fracture. It was hypothesized that the locking plates
are biomechanically superior with increased stability, a higher
construct stiffness, and less fracture displacement.
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Figure 1. AT-shaped acetabular fracture was fixed with a biplanar 10-hole 2-column plate osteo-
synthesis using either conventional screws or angular stable screws. On the left is a specimen
after anatomic repositioning and fixed plate osteosynthesis. The specimens were sprayed for
optical motion tracking. On the right the corresponding radiograph is displayed.

Methods

A T-shaped acetabular fracture according to Judet and Letour-
nel’s classification system was created in 16 synthetic pelvic
models (Model #LS4060, Synbone, Zizers, Switzerland;
Figure 1). The model was made of solid foam and dense can-
cellous bone lacquered with 2K brilliant varnish.

Specimen preparation

The T-shaped acetabular fractures were simulated via osteoto-
mies of the os ilium, os ischium, and os pubis. Osteotomies
were set using custom-made saw cut templates. The pelvises
were assigned to 2 groups (Group A conventional plate fixa-
tion, Group B locking plate fixation) of 8 specimens each.
After anatomic reduction, the fracture was addressed with
a biplanar 10-hole 2-column plate (ITS, PRS Pelvic Recon-
struction System, Phoenix 21216-10, Autal, Austria) buttress-
ing the medial acetabular wall and the quadrilateral acetabular
plate either using 3.5 mm conventional screws (Group A) or
4.2 mm locking screws (Group B) (Figure 1). Due to the supe-
rior strength/stability of the material of the screws (TiALV)
compared with the material of the plate (titanium grade 2) the
locking screw head forms a thread in the plate. The PRS Pelvis
Reconstruction System has 15° off-axis variable angle screws.
The anatomical pre-shaped plates were additionally pre-con-
toured manually to the shape of the bone to ensure optimal
implant fit. The position of the plate was marked on each of
the 16 pelvises for standardized and exact implant positioning
[7]. In both groups, the 10-hole plate was fixed with either
6 conventional screws or 6 locking screws. 2 screws were
inserted in the symphyseal holes of the plate and 1 screw was
inserted in the superior pubic ramus [8]. Additionally, 1 pos-
terior screw and 2 periarticular screws were inserted [9]. The
use of periarticular screws in acetabular fractures involving
the quadrilateral plate increases the overall stability signifi-
cantly [9]. Optical markers were attached to the fracture sites
for motion tracking.

Figure 2. Force was applied in a medio-superior
direction through the hemiarthroplasty using a
previously described test set-up [20-24].

Biomechanical testing

Biomechanical testing was performed with the use of an elec-
trodynamic test system (Zwick Z005, Ulm, Germany) equipped
with a 10 kN load cell (Figure 2). A previously described
standardization of the acetabulum loading mechanism was
performed using a unipolar hemiarthroplasty on the left ace-
tabulum (Figure 2) [10-14]. The force was applied in a medio-
superior direction through the hemiarthroplasty. The ilium was
stabilized in a customized jig [10] and the pubic symphysis was
allowed to freely rotate. Starting from 100 N the peak load of
each cycle was increased at a rate of 0.63 N/cycle.

Data acquisition

Interfragmentary displacements were measured in all 6 degrees
of freedom by motion tracking (ARAMIS SRX, GOM GmbH,
Braunschweig, Germany) at a rate of 10 Hz. The sensitivity of
measurement was 0.004 mm in the XY plane (frontal to the
cameras) and along the z-axis (depth) [7,15,16].

The primary outcome measure was displacement at the
fracture sites and along the lines D1-D4 (Figure 3). D1 is the
distance between the superior pubic ramus and the os ilium at
the fracture site. D2 measures the distance between the supe-
rior pubic ramus and the os ischium at the fracture site. D3
presents the distance of os ilium and os ischium along the axis
of load application. D4 is the distance between the os ilium
and os ischium. The secondary outcome measure was the
construct stiffness (N/mm). Construct stiffness was defined
as force per axial displacement and was calculated from the
force—displacement curve during initial loading with 100 N.
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Figure 3. Interfragmentary displacement along the axes
D1-D4 was measured by motion tracking. The dashed lines
show the T-shaped acetabular fracture. This figure was cre-
ated with BioRender (https://www.biorender.com/).

Statistics

Statistical analysis was performed using IBM SPSS Statistics
(v.27,1BM Corp, Armonk, NY, USA). The 2 data sets (Group
A vs Group B) were considered independent. Descriptive
data is presented as mean value with standard deviation (SD),
and between-group differences as mean differences (A) with
95% confidence intervals (CI). Normality of data distribution
within each group was screened using the Shapiro—Wilk test,
followed by the independent samples t-test to compare the
normally distributed outcome measures. The Mann—Whitney
U test was applied to compare the non-normally distributed
outcome measures. Level of significance was set at 0.05.

An a priori power analysis was performed using G¥*Power-2
software (University of Diisseldorf, Diisseldorf, Germany)
[17]. Based on the means and standard deviations from a
previous study evaluating the biomechanical performance of
infra-acetabular screw fixation in acetabulum fractures with
posterior column involvement [13], it was assumed that a
sample size of 8 in each group would allow the detection of
changes in displacement of 0.2 mm with 95% power at the
significance level of P < 0.05.

Ethics, registration, funding, reporting guideline, and
disclosures

Due to the study design no approval by an ethics committee
was necessary. No funding was received. The study is reported
according to the guidelines for running biomechanic studies
[18]. The authors have no conflicts of interest to declare. Com-
plete disclosure of interest forms according to ICMJE are avail-
able on the article page, doi: 10.2340/17453674.2024.42490

Results

Due to the detailed and extensive pre-testing, all experiments
for this study went well and could be included in the analysis.
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Figure 4. Fracture displacement along
the D1 axis was less in the locking
plate group.
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Figure 5. Fracture displacement along
the D2 axis was less in the locking
plate group.

Cycles

Displacement at all measured fracture sits was less in the lock-
ing plate fixation group.

Displacement of D1

Displacement between the superior pubic ramus and the os
ilium (D1) was less in the locking plate fixation group. After
400 cycles fracture dislocation was higher in the conventional
plate fixation group (0.18 mm) compared with the locking
plate fixation group (0.06 mm, A 0.11 mm, CI 0.03-0.26,
Figure 4). After 1,600 cycles fracture dislocation was less in
the locking plate fixation group (0.10 mm) compared with the
conventional plate fixation group (0.28 mm, A 0.17 mm, CI
0.02-0.37). After 3,000 cycles fracture dislocation was 0.40
mm in the conventional plate fixation group and 0.22 mm in
the locking plate fixation group, demonstrating a difference
between the 2 groups of 0.19 mm (CI 0.02-0.44).

Displacement of D2

Under cyclic loading displacement of the superior pubic
ramus and os ischium (D2) was higher in the group of speci-
mens with conventional plates. After 400 cycles fracture dis-
location was higher in the conventional plate group (0.12 mm)
compared with 0.04 mm in the locking plate fixation group
(A0.08 mm, CI10.01-0.15, Figure 5). After 1,600 cycles frac-
ture dislocation was not different in conventional plate fixa-
tion the group (0.16 mm) compared with the locking plate
fixation group (0.07 mm, A0.09 mm, CI -0.01 to 0.19). After
3,000 cycles fracture dislocation was less in the locking plate
fixation group compared with the conventional plate fixation
group (0.10 mm vs 0.22 mm, A0.12 mm, CI 0.03-0.20).

Displacement of D3

Along the axis of load application displacement (D3) a dif-
ference between conventional plate fixation and locking plate
fixation was detected for all measured cycles. After 400 cycles
fracture dislocation was higher in the conventional plate group
(0.17 mm) compared with the locking plate fixation group
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Figure 6. Fracture displacement along
the D3 axis was less in the locking

plate group. plate group.

(0.05mm A 0.12 mm, CI 0.01-0.23, Figure 6). After 1,600
cycles fracture dislocation was higher in the conventional
plate group (0.25 mm) compared with the locking plate group
(0.09 mm, A0.15 mm, CI 0.04-0.28). After 3,000 cycles frac-
ture dislocation was less in the locking plate fixation group

compared with the conventional plate fixation group (0.14
mm vs. 0.34 mm, A0.20 mm, CI 0.04-0.36).

Displacement of D4

The distance between os ilium and os ischium (D4) did not
differ between the 2 groups. After 400 cycles no difference
was detected between the conventional plate fixation group
(0.14 mm) and the locking plate fixation group (0.05 mm, A
0.08 mm, CI 0.00-0.17, Figure 7). After 1,600 cycles (0.19
mm in in the conventional plate fixation group vs.0.11 mm in
the locking plate fixation group, A0.07 mm, CI-0.01 to 0.16)
and after 3,000 cycles (0.26 mm in in the conventional plate
fixation group vs 0.15 mm in the locking plate fixation group,
A0.11 mm, CI -0.15 to 0.24) the fracture dislocation did not
differ between the conventional plate fixation and locking
plate fixation groups.

Axial stiffness

No differences of mean initial axial stiffness were detected
between angular stability (407 N/mm) and conventional plat-
ing (308 N/mm, A 99 N/mm, CI —48 to 245, Figure 8).

Discussion

The aim of the present study was to compare biomechanically
conventional versus locking plate fixation in a T-shaped ace-
tabular fracture. In brief, we showed that under an increasing
cycling loading the angular stable locking implant shows less
displacement.

Different biomechanical studies showed that fixation of both
acetabular columns provides the greatest stability in complex

Figure 7. Fracture displacement along
the D4 axis was less in the locking
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Figure 8. No statistically significant difference in initial axial
stiffness was detected between locking plate and conven-
tional plate osteosynthesis. Red lines are median con-
struct stiffness. Boxes represent the interquartile ranges;
the lower edge is the 1st quartile and the upper the 3rd
quartile. The whiskers show the range of the data up to 1.5
times the interquartile range from the respective quartile
without outliers.

fracture patterns [10]. Furthermore, the use of a quadrilateral
surface buttress plate is comparable and in some biomechani-
cal aspects is superior for fixation of acetabular fractures com-
pared with traditional forms of transverse acetabulum fixation
techniques [19]. Buttressing the medial acetabular wall led to
more stability and a better outcome [2,8,11,13,16]. A further
study observed that infra-acetabular screw placement is bio-
mechanically advantageous [20]. Therefore, the present study
used plates buttressing the quadrilateral plate only and infra-
acetabular screw placement.

Culemann et al. compared biomechanically different stabi-
lization techniques for acetabular fractures [8]. The locking
reconstruction plate without buttress function was inferior
compared with the buttress plate and the plate with the peri-
articular screws. Furthermore, the locked reconstruction plate
without buttress function had no off-axis angle screw insertion
option preventing periarticular screws, which is another major
difference from the plate used in the present study. Interest-
ingly, statistically significant results were seen only in the
biomechanical tests with synthetic specimens and not in the
cadaver specimens, due to inhomogeneous bone quality [8].

Another biomechanical study could not detect any superi-
ority of a locking plate system compared with a non-locking
plate system, which is not in accordance with the results of
our study [20]. Again, the plates used did not buttress the
quadrilateral surface of the acetabulum [20]. Mehin et al. [21]
showed no significant difference in the fracture gap comparing
conventional plate fixation without buttressing function and
locking plate fixation without buttress function in transverse
acetabular fractures in only 5 cadaver specimens with vari-
able bone quality. However, a significant correlation between
construct rigidity and fracture displacement in cyclic loading
tests was observed, which is in accordance with the results
of our study [21]. Also fracture gap after cyclic loading cor-
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related significantly with the stiffness of the construct [21].
Due to the variable bone quality of the specimen used and the
low number of specimens the study might be underpowered
[21]. It is necessary to highlight that the previous biomechani-
cal studies comparing locking and non-locking plates used
implants not buttressing the quadrilateral surface of the ace-
tabulum. Previous published studies showed the superiority of
plates buttressing the medial acetabular wall. In our opinion,
this major difference in implant design explains the different
results.

A T-shaped acetabular fracture involving the quadrilateral
plate is a complex fracture pattern and severe injury. This
kind of fracture involves the critical weightbearing portion of
the acetabulum. Due to the fracture of the quadrilateral plate
(medial wall of the acetabulum), there is no bony structure
to prevent medial subluxation of the femoral head. Typically,
intrapelvic surgical approaches are used to address T-shaped
acetabular fractures. Several surgical approaches and tech-
niques have been described to address acetabular fractures
with medial displacement patterns. Matta and Liebergall et al.
have shown in their studies from the 1990s that open reduc-
tion and internal fixation using standard techniques led to
less successful outcomes in the osteoporotic bone of elderly
patients [22,23]. The description of the modified Stoppa
approach by Cole and Bolhofner offering intrapelvic access
and direct exposure to the quadrilateral plate was published in
1994 [24]. With the introduction of quadrilateral surface but-
tress plates, fracture patterns involving the medial wall can
be fixed reliably and solidly [19]. Approaches that allow for
direct visualization of the transverse fracture components of
the anterior column, the posterior column, and the quadrilat-
eral plate enable buttress plate fixation. Anatomic reduction
and internal fixation of acetabular fractures involving the
quadrilateral plate lead to good and moderate clinical func-
tional outcome [2]. A large increase in acetabular fractures
and surgical treatment in the elderly patient with reduced bone
stock after low-impact trauma has been observed in recent
years [1,2,25]. The inability of elderly patients to maintain
postoperative weightbearing restrictions requires a surgical
procedure which allows early full weightbearing mobilization
[5,26]. A general contraindication for surgery of acetabular
fractures is the risk of poor construct stability in patients with
reduced bone stock [27]. Many studies have underlined the
importance of optimal reduction to improve functional out-
come after acetabular fractures [28,29]. In anterior column
and both-column fractures, transtectal involvement with more
than 2 mm displacement increases the load on the superior
part of the acetabulum, which increases the risk of posttrau-
matic arthrosis [30]. Especially in cases of reduced bone qual-
ity it is mandatory to keep the anatomic reposition to reduce
the risk of posttraumatic arthrosis [31,32]. Tannast et al. grade
the reduction as anatomical (0O—1 mm residual displacement),
imperfect (2-3 mm residual displacement), or poor (>3 mm)
[32]. Preservation of the intraoperatively achieved reduction

is dictated by the stability of the fixation construct. In cases
of fractures near to joints and cases of reduced bone quality,
locking plate fixation can be biomechanically superior. From
aclinical perspective, determining and comparing the cumula-
tive survivorship of the hip after open reduction and internal
fixation of displaced acetabular fractures using conventional
or locking implants with a clinical follow-up of at least 2
years would be favorable [32]. Clinical studies examining the
possible clinical effect and advantage of locking implants for
treatment of complex acetabular fractures are pending.

Limitations

The use of synthetic bone models is a limitation but eliminates
the heterogeneity of bone quality and geometry as confound-
ing factors [8,19]. This leads to standardization, overwhelm-
ing the almost uncountable variations in bone quality seen in
human cadaveric specimen [33].

Strengths

The different diameter of the conventional screws (3.5 mm)
and locking screws (4.2 mm) used might have influenced the
results. However, these screw types were used in accordance
with the surgical technique instruction of the implants used.
The plates providing the possibility of using conventional and
locking screws had the same design, thus guaranteeing a high
level of comparability. The use of screws with the exact screw
diameter would be desirable for the outstanding clinical studies.
Further advantages of the present study were the relatively high
number of specimens tested and the continuous measurement
of the fracture displacement in all 6 degrees of freedom using
2 optical cameras with a very precise motion tracking system.

Conclusion

The results of this study show that locking plate fixation but-
tressing the medial acetabular wall is, in the present biome-
chanical set-up using synthetic bone models, superior com-
pared with conventional plating with buttress function, but no
change in stiffness was shown. Clinical studies examining the
use and possible advantage of locking implants in complex
acetabular fractures of the elderly are required.

ML, CK, MK, OR: conceptualization, design, methodology. ML, MK: test-
ing, data acquisition, statistical analysis. ML: writing original draft. CK,
MK, CP, KA, AG, MR, OR: internal review. KA, AG: testing, data acqui-
sition. ML, CK, MR, OR: project administration, supervision, validation.

Handling co-editors: Ivan Hvid and Robin Christensen
Acta thanks Michael Brix and Morten Schultz Larsen for help with peer
review of this manuscript.

1. Ferguson T A, Patel R, Bhandari M, Matta J M. Fractures of the
acetabulum in patients aged 60 years and older: an epidemiologi-
cal and radiological study. J Bone Joint Surg Br 2010; 92:250-7. doi:
10.1302/0301-620X.92B2.22488.



Acta Orthopaedica 2024; 95: 701-706

706

10.

12.

13.

14.

15.

16.

17.

Laflamme G Y, Hebert-Davies J, Rouleau D, Benoit B, Leduc S. Inter-
nal fixation of osteopenic acetabular fractures involving the quadrilateral
plate. Injury 2011; 42: 1130-4. doi: 10.1016/j.injury.2010.11.060.

Panteli M, Souroullas P, Gowda S R, Vun J S H, Howard A J, Kana-
karis N K, et al. Operative management of acetabular fractures in the
elderly: a case series. Eur J Trauma Emerg Surg 2023; 49(2): 1011-21.
doi: 10.1007/s00068-022-02129-0.

Guerado E, Cano J R, Cruz E. Fractures of the acetabulum in elderly
patients: an update. Injury 2012; 43 Suppl 2: S33-41. doi: 10.1016/s0020-
1383(13)70177-3.

Vanderschot P. Treatment options of pelvic and acetabular fractures in
patients with osteoporotic bone. Injury 2007; 38: 497-508. doi: 10.1016/j.
injury.2007.01.021.

Murphy C G, Carrothers A D. Fix and replace; an emerging paradigm
for treating acetabular fractures. Clin Cases Miner Bone Metab 2016; 13:
228-33. doi: 10.11138/ccmbm/2016.13.3.228.

Lodde M F, Katthagen J C, Schopper C O, Zderic I, Richards R G,
Gueorguiev B, et al. Is anterior plating superior to the bilateral use of
retrograde transpubic screws for treatment of straddle pelvic ring frac-
tures? A biomechanical investigation. J Clin Med 2021; 10(21): 5049.
doi: 10.3390/jcm10215049.

Culemann U, Holstein J H, Kohler D, Tzioupis C C, Pizanis A,
Tosounidis G, et al. Different stabilisation techniques for typical ace-
tabular fractures in the elderly: a biomechanical assessment. Injury 2010;
41: 405-10. doi: 10.1016/].injury.2009.12.001.

May C, Egloff M, Butscher A, Keel M J B, Aebi T, Siebenrock K A, et
al. Comparison of fixation techniques for acetabular fractures involving
the anterior column with disruption of the quadrilateral plate: a biome-
chanical study. J Bone Joint Surg Am 2018; 100: 1047-54. doi: 10.2106/
JBJS.17.00295.

Khajavi K, Lee A T, Lindsey D P, Leucht P, Bellino M J, Giori N J.
Single column locking plate fixation is inadequate in two column acetab-

ular fractures: a biomechanical analysis. J Orthop Surg Res 2010; 5: 30.
doi: 10.1186/1749-799X-5-30.

. Kwak D-K, Jang J-E, Kim W-H, Lee S-J, Lee Y, Yoo J-H. Is an ana-

tomical suprapectineal quadrilateral surface plate superior to previous
fixation methods for anterior column-posterior hemitransverse acetabular
fractures typical in the elderly?: a biomechanical study. Clin Orthop Surg
2023; 15: 182-91. doi: 10.4055/cios22055.

Busuttil T, Teuben M, Pfeifer R, Cinelli P, Pape H-C, Osterhoff G.
Screw fixation of ACPHT acetabular fractures offers sufficient biome-
chanical stability when compared to standard buttress plate fixation. BMC
Musculoskelet Disord 2019; 20: 39. doi: 10.1186/s12891-019-2422-6.

Hinz N, Baumeister D, Dehoust J, Miinch M, Frosch K-H, Augat P,
et al. The infraacetabular screw versus the antegrade posterior column
screw in acetabulum fractures with posterior column involvement: a bio-
mechanical comparison. Arch Orthop Trauma Surg 2024; 144: 2573-82.
doi: 10.1007/s00402-024-05324-3.

Lodde M F, Katthagen J C, Schopper C O, Zderic I, Richards G,
Gueorguiev B, et al. Biomechanical comparison of five fixation tech-
niques for unstable fragility fractures of the pelvic ring. J Clin Med 2021;
10(11): 2326. doi: 10.3390/jcm10112326.

Schroeder S, Jaeger S, Schwer J, Seitz A M, Hamann I, Werner M,
et al. Accuracy measurement of different marker based motion analysis
systems for biomechanical applications: a round robin study. PLoS One
2022; 17: €0271349. doi: 10.1371/journal.pone.0271349.

Chen K, Yang F, Yao S, Xiong Z, Sun T, Guo X. Biomechanical com-
parison of different fixation techniques for typical acetabular fractures in
the elderly: the role of special quadrilateral surface buttress plates. J Bone
Joint Surg Am 2020; 102: e81. doi: 10.2106/JBJS.19.01027.

Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses
using G*Power 3.1: tests for correlation and regression analyses. Behav
Res Methods 2009; 41: 1149-60. doi: 10.3758/BRM 41.4.1149.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Hébert-Losier K, Dai B, Nunome H, Kong P W, Hobara H, Hsu W-C,
et al. Reporting guidelines for running biomechanics and footwear stud-
ies using three-dimensional motion capture. Sports Biomech 2023; 22:
473-84. doi: 10.1080/14763141.2022.2110149.

. Kistler B J, Smithson I R, Cooper S A, Cox J L, Nayak A N, Santoni

B G, et al. Are quadrilateral surface buttress plates comparable to tradi-
tional forms of transverse acetabular fracture fixation? Clin Orthop Relat
Res 2014; 472: 3353-61. doi: 10.1007/s11999-014-3800-x.

Marintschev I, Gras F, Schwarz C E, Pohlemann T, Hofmann G O,
Culemann U. Biomechanical comparison of different acetabular plate
systems and constructs: the role of an infra-acetabular screw place-
ment and use of locking plates. Injury 2012; 43: 470-4. doi: 10.1016/j.
injury.2011.11.009.

Mehin R, Jones B, Zhu Q, Broekhuyse H. A biomechanical study of
conventional acetabular internal fracture fixation versus locking plate
fixation. Can J Surg 2009; 52: 221-8. PMID: 19503667

Liebergall M, Mosheiff R, Low J, Goldvirt M, Matan Y, Segal D.
Acetabular fractures: clinical outcome of surgical treatment. Clin Orthop
Relat Res 1999; (366): 205-16. PMID: 10627737

Matta J M. Operative treatment of acetabular fractures through the ilio-
inguinal approach: a 10-year perspective. Clin Orthop Relat Res 1994;
(305): 10-19. PMID: 8050218

Cole J D, Bolhofner B R. Acetabular fracture fixation via a modified
Stoppa limited intrapelvic approach: description of operative technique
and preliminary treatment results. Clin Orthop Relat Res 1994; (305):
112-23. PMID: 8050220

Lodde M F, Katthagen J C, Riesenbeck O, Raschke M J, Hartensuer
R. Trends in der operativen Therapie von Frakturen des Beckenrings:
eine bundesweite Analyse von OPS-Daten zwischen 2005 und 2017
[Trends in the surgical treatment of fractures of the pelvic ring: a nation-
wide analysis of operations and procedures code (OPS) data between
2005 and 2017]. Unfallchirurg 2021; 124: 373-81. doi: 10.1007/s00113-
020-00893-5.

Kammerlander C, Pfeufer D, Lisitano L A, Mehaffey S, Bocker W,
Neuerburg C. Inability of older adult patients with hip fracture to main-
tain postoperative weight-bearing restrictions. J Bone Joint Surg Am
2018; 100: 936-41. doi: 10.2106/J1BJS.17.01222.

Helfet D L, Borrelli J, DiPasquale T, Sanders R. Stabilization of ace-
tabular fractures in elderly patients. J Bone Joint Surg Am 1992; 74: 753-
65.

Deo S D, Tavares S P, Pandey R K, El-Saied G, Willett K M, Worlock
P H. Operative management of acetabular fractures in Oxford. Injury
2001; 32: 581-6. doi: 10.1016/s0020-1383(00)00200-x.

Dunet B, Tournier C, Billaud A, Lavoinne N, Fabre T, Durandeau
A. Acetabular fracture: long-term follow-up and factors associated with
secondary implantation of total hip arthroplasty. Orthop Traumatol Surg
Res 2013; 99: 281-90. doi: 10.1016/j.0tsr.2012.12.018.

Levine R G, Renard R, Behrens F F, Tornetta P. Biomechanical conse-
quences of secondary congruence after both-column acetabular fracture.
J Orthop Trauma 2002; 16: 87-91. doi: 10.1097/00005131-200202000-
00003.

Bastian J D, Tannast M, Siebenrock K A, Keel M J B. Mid-term
results in relation to age and analysis of predictive factors after fixation
of acetabular fractures using the modified Stoppa approach. Injury 2013;
44: 1793-8. doi: 10.1016/j.injury.2013.08.009.

Tannast M, Najibi S, Matta J M. Two to twenty-year survivorship of
the hip in 810 patients with operatively treated acetabular fractures. J
Bone Joint Surg Am 2012; 94: 1559-67. doi: 10.2106/JBJS.K.00444.
Zdero R, Olsen M, Bougherara H, Schemitsch E H. Cancellous bone
screw purchase: a comparison of synthetic femurs, human femurs, and
finite element analysis. Proc Inst Mech Eng H 2008; 222: 1175-83. doi:
10.1243/09544119JEIM409.



