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anterior or posterior column [3, 6, 16, 18–23]. The main 
complication of these techniques is screw misplacement 
resulting either in (a) hip joint penetration or (b) cortical 
perforation of the acetabular column. The latter may result 
in damage of surrounding neurovascular structures. Accord-
ingly, high-quality intraoperative imaging is of utmost 
importance to prevent these complications. Several radio-
graphic views such as the inlet-iliac view, the outlet-obtura-
tor view, the obturator oblique view and axial views of the 
acetabular columns are described in the literature for percu-
taneous screw fixation of acetabular column fractures under 
fluoroscopic guidance [6, 18, 21–24].

Displaced acetabular fractures are not suitable for percu-
taneous fixation techniques. Internal fixation of these frac-
tures requires open reduction of the fracture prior to fixation. 
It is well-known that the quality of reduction is one of the 
most important outcome parameters in acetabular fracture 
surgery [25–27]. For example, displaced posterior wall and / 
or column fractures require a posterior approach, while dis-
placed anterior column fractures are reduced via an anterior 
approach. It is also known from several biomechanical stud-
ies that fractures involving both columns require internal 
fixation of both columns to achieve sufficient biomechanical 

Rationale of acetabular column screw 
fixation

Screw fixation of acetabular column fractures was first 
described by Letournel and Judet in the 1960s [1]. It is 
nowadays a well-established alternative option to plate fixa-
tion with the advantage of requiring less surgical exposure 
[2–7]. Several biomechanical studies and finite element 
analyses have shown that screw fixation of acetabular col-
umn fractures provides mechanical strength comparable to 
plate fixation [8–17].

Percutaneous screw fixation is therefore a viable mini-
mally invasive option for the fixation of non- or minimally 
displaced acetabular column fractures. The screws may 
be inserted in an antegrade or retrograde manner into the 
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Abstract
Screw fixation of acetabular column fractures is a well-established alternative option to plate fixation providing compara-
ble biomechanical strength and requiring less surgical exposure. For displaced acetabular fractures involving both columns 
open reduction and plate fixation of one column in combination with a column-crossing screw fixation of the opposite 
column via a single approach is a viable treatment option. Preoperative planning of posterior column screws (PCS) via an 
anterior approach is mandatory to assess the eligibility of the fracture for this technique and to plan the entry point and the 
screw trajectory. The intraoperative application requires fluoroscopic guidance using several views. A single view show-
ing an extraarticular screw position is adequate to rule out hip joint penetration. The fluoroscopic assessment of cortical 
perforation of the posterior column requires several oblique views such as lateral oblique views, obturator oblique views 
and axial views of the posterior column or alternatively intraoperative CT scans. The application of PCS via an anterior 
approach is a technically demanding procedure, that allows for a relevant reduction of approach-related morbidity, surgical 
time and blood loss by using a single approach.
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stability for immediate postoperative mobilization [4, 8–11, 
14, 17]. Accordingly, plate fixation of both columns may 
appear desirable from a biomechanical point of view but 
requires a combined anterior and posterior approach and 
thus is associated with increased surgical time, blood loss 
and approach-related morbidity.

A clinically more appealing option for the internal fixation 
of displaced acetabular fractures involving both columns is 
open reduction and plate fixation of one column in combi-
nation with a column-crossing screw fixation of the oppo-
site column via a single approach, i.e. antegrade posterior 
column screws (PCS) via an anterior approach or antegrade 
anterior column screws (ACS) via a posterior approach. 
These techniques allow for a reduction of the approach-
related morbidity by obviating the need for a second sur-
gical approach [7, 28–31]. Screw misplacement resulting 
either in (a) hip joint penetration or (b) cortical perforation 
of the acetabular column represent the main complication 
of these techniques. Additionally, inadequate reduction of 
the opposite column fracture is a potential drawback as well 
[5]. Accordingly, thorough preoperative (a) fracture analysis 
and (b) osseous corridor analysis as well as (c) intraopera-
tive imaging using appropriate views are mandatory.

ACS via a posterior approach are less frequently used 
than PCS via an anterior approach [5, 21, 29]. Demographic 
changes towards the elderly with an increasing involvement 
rate of the anterior structures of the acetabulum requiring 
an anterior approach may account for this finding [32, 33]. 
Additionally, ACS are technically more demanding due to 
the smaller diameter of the anterior column [8, 32]. Liu et 
al. reported a series of 12 patients with transverse fractures 
treated with posterior plating and ACS compared to a group 
of 17 patients with combined anterior and posterior plating 
[29]. The application of ACS resulted in less surgical time, 
blood loss and invasiveness. The reduction of the anterior 
column fracture was performed using threaded pins in the 
ischial tuberosity as joysticks and clamps with palpation 
of the anterior column fracture through the greater sciatic 
notch (aka „the endopelvic finger“ [32]. Hammad et al. 
reported a series of 34 patients with T-type fractures treated 
with posterior plating and ACS [5]. The authors stated that 
the limited access to the anterior column is a major issue of 
this technique. Accordingly, they found a residual displace-
ment of the anterior column in 12 cases (32%), which nega-
tively affected the hip joint congruency and consecutively 
the clinical outcomes. These results clearly demonstrate the 
importance of the reduction of the opposite column when 
using either column-crossing ACS or PCS.

The infraacetabular screw (IAS) was initially described 
by Letournel and Judet (“long screws parallel to the quad-
rilateral surface and crossing the fracture line”) [34] and 
gained broader recognition and usage thanks to the work of 

Culemann et al. in 2011 [4]. By definition, it is a column-
crossing screw as well. The IAS is inserted via an anterior 
approach and ends in the posterior column. IAS increases the 
stability of the fixation by closing the periacetabular fixation 
frame without requiring an additional approach [4, 11, 14, 
17, 33, 35]. The major drawback of this technique is the nar-
row osseous screw corridor with close proximity to the hip 
joint [36]. Depending on the depth of the acetabular fossa, 
the screw path may even be partially intraarticular [4, 37]. 
Gras et al. showed that there was no osseous corridor with a 
diameter of more than 5 mm in 7% of the patients [38]. This 
rate is even higher in female patients [35]. Additionally, 
the IAS does not cross the posterior column fracture and 
therefore does not act as a lag screw in transverse fractures 
and anterior column and posterior hemitransverse (ACPHT) 
fractures. In contrast, PCS cross the posterior fracture lines 
nearly perpendicular and may act as lag screws in non-com-
minuted posterior column fractures. Accordingly, PCS pro-
vided superior biomechanical stability compared to IAS for 
posterior column fractures in a recent biomechanical study 
[17]. Obviously, it is also possible to combine IAS and PCS 
for additional mechanical stability as well.

The preoperative planning as well as the intraopera-
tive application and complications of PCS via an anterior 
approach are described in the following sections.

Anatomy of the posterior column screw 
corridor

The osseous corridor for antegrade screw placement starts 
in the iliac fossa close to the SI joint and then runs into the 
entire posterior column to the ischial tuberosity. Relevant 
surrounding anatomical structures include the joint itself 
and the sciatic nerve, the latter is close to the ischial tuber-
osity [39].

Letournel defined the antegrade entry point to be 1 cm 
anterior to the SI joint in direction to the pelvic brim and 
25  mm lateral and perpendicular to the pelvic brim [34]. 
Mu et al. defined the entry point by two lines: the first line 
started at the anterior SI joint along the pelvic brim, and 
the second line was orientated perpendicular and medial to 
the first line reaching the entry point. The first line had a 
length of 23.5 mm on average and the second line a length 
of 16.8 mm [2]. The distance between the entry point for an 
antegrade PCS and tangential to the anterior border of the SI 
joint was 32–35 mm [40].

CT-based or cadaver measurements analyzed the length 
of the PCS-Corridor. A mean length of approximately 
105 mm is reported [2, 41, 42] without side differences [43].

Knowledge of angulations of the drill bit may help to 
determine the optimal screw course. An angle between the 
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screw and the sagittal (AP view, medial orientation) of 18° 
and coronal planes (lateral view, retroversion) of 12–15° 
was reported in CT based studies [30, 41], while the angle 
between the quadrilateral surface and the iliac wing plane 
was 132.3° [30].

Preoperative planning of PCS

The preoperative planning of PCS comprises both a fracture 
analysis and an osseous corridor analysis. The first step in 
the preoperative planning of PCS therefore is the assess-
ment of the eligibility of the acetabular fracture for using 
PCS via an anterior approach. The following fracture types 
involve both columns:

	● Transverse fractures (± posterior wall).
	● Anterior column and posterior hemitransverse (ACPHT) 

fractures.
	● T-type fractures.
	● Associated both column fractures (± posterior wall).

A posterior approach is required if there is an indication 
for internal fixation of the posterior wall fracture. Accord-
ingly, these fracture types are not eligible for PCS. A major 
prerequisite for successful application of PCS is adequate 
reduction of the posterior column fracture via the anterior 
approach. Transverse fractures comprise a single fracture 
line, which allows for reduction of the posterior hemitrans-
verse fracture via the anterior approach.

ACPHT fractures represent a relatively uniform fracture 
pattern despite their cumbersome name. ACPHT fractures 

typically result from force transmission via the greater tro-
chanter and the femoral neck with the hip joint in extension 
(1 in Fig.  1). Due to the anteversion of the femoral neck 
the anterior column is affected first and frequently shows 
a displaced multifragmentary fracture pattern (2 in Fig. 1). 
Onward force transmission leads to a fracture between the 
anterior column and the medial wall (3 in Fig. 1). Addition-
ally, the eponymous hemitransverse fracture of the poste-
rior column typically shows a simple fracture pattern and 
allows for an internal rotation of the posterior column (4 in 
Fig.  1). Accordingly, the medial wall is not „medialized“ 
or „centralized“ in its entirety following a translational dis-
placement, as stated by several authors. Instead, the medial 
wall is in osseous continuity with the posterior column and 
shows a rotational displacement due to the internal rotation 
of the posterior column. Accordingly, it is feasible to reduce 
the posterior hemitransverse fracture component by reduc-
ing the rotational displacement of the medial wall via an 
anterior approach.

Associated both column fractures represent a relatively 
heterogenous fracture type. This fracture type is defined 
by a separation of both columns from each other combined 
with a separation of the acetabulum from the residual iliac 
bone and the sacroiliac joint (aka „floating acetabulum“, 
[32]). Some associated both column fractures share frac-
ture characteristics with ACPHT fractures and are therefore 
reducible via the medial wall as described above. The poste-
rior fracture component of other both-column fractures may 
be indirectly reduced via a secondary congruency. However, 
a recommendation for or against the application of PCS in 
both-column fractures needs to be made for each particular 
case. The same is true for T-type fractures.

The second step in the preoperative planning of PCS is 
the assessment of the entry point and the screw trajectory. 
This is especially important due to the heterogeneity of the 
osseous corridor [7, 44, 45] based on interindividual dif-
ferences, gender differences and also differences between 
patients with and without sacral dysmorphism [44]. In gen-
eral, both an entry point at the inner cortex of the iliac bone 
in the transition zone between the supraacetabular region 
and the iliac wing [2, 46, 47] and as well as an entry point at 
the iliac crest [15, 31] are feasible. The use of custom-made 
guide templates based on the preoperative planning may 
facilitate the intraoperative application of PCS [15, 30, 48].

The authors´ approach is to use a standard pelvic CT scan 
and commonly available multiplanar reconstruction tools. In 
the presence of severe fracture displacement, it is advisable 
to perform the preoperative planning on the contralateral 
side [47]. We choose an entry point at the inner cortex of the 
iliac bone in the transition zone between the supraacetabular 
region and the iliac wing. The screw trajectory is oriented 
from cranial–anterior–lateral to caudal–posterior–medial. 

Fig. 1  Injury mechanism of ACPHT fractures: (1) Force transmission 
via the greater trochanter. (2) Direction of the force vector to the ante-
rior and superior part of the acetabulum. (3) Fracture between the ante-
rior column and the medial wall. (4) Posterior hemitransverse fracture 
and internal rotation of the posterior column
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the 2D scout image, which corresponds to the intraoperative 
pelvic ap view (Fig. 2b).

Fluoroscopic projections PCS

For posterior column screws, all possible standard views 
and their combinations were recommended including the 
standard pelvic ap view, pelvic inlet view (PIV), obtura-
tor oblique view (OOV), iliac oblique view IOV, true lat-
eral view (LV), combined obturator oblique outlet view 
(COOO), combined iliac oblique outlet (CIOO) view and a 
half CIOO [11, 12, 49–51]. Bishop et al. recommended the 
IOV, the pelvic outlet view and the true LV [52].

The IOV defines the posterior border of the corridor, visu-
alizing the sciatic notches and the sciatic spine; this view 
confirms the screw position posterior to the hip joint. The 
PIV confirms the localization of the medial border (quad-
rilateral surface). The true LV analyzes the pelvic brim and 
confirms the screw exit on the inner table of the iliac fossa.

Additionally, the OOV confirms the screw position at the 
distal ischium.

Intraoperative application of PCS

The intraoperative application of PCS is based on the pre-
operative planning using cannulated large fragment screws. 
There are two major prerequisites for a successful applica-
tion, which need to be ruled out intraoperatively, i.e. (a) hip 
joint penetration and (b) cortical perforation of the posterior 
column. In general, ruling out hip joint penetration is not 
dependent on a particular fluoroscopic view. It was shown in 
a recent study that in a concave surface such as the acetabu-
lum a single and arbitrary view showing an extraarticular 
screw position is adequate to rule out hip joint penetration 
[53]. The standard fluoroscopic views used for PCS are an 
ap view, an iliac oblique view and an obturator oblique view 
[22, 24]. Osterhoff et al. stated that these standard views 
are not able to rule out medial cortical perforation of the 
posterior column due to the saddle-shaped curvature of the 
medial cortex [24]. Accordingly, a „Down to PC“ view tan-
gentially to the medial cortex and in the desired axis of the 
PCS was proposed.

The authors´ approach is to use a standard ap view and 
a lateral oblique view [47]. The ap view allows for the 
assessment of the entry point according to preoperative 
planning and the screw trajectory in the coronal plane. The 
lateral oblique view allows for the assessment of the screw 
trajectory in the sagittal plane and for ruling out hip joint 
penetration. In general, the lateral view of the hip is not 
very commonly used, as it is inevitable that both hips are 

Using a two-dimensional multiplanar software reconstruc-
tion tool, the axes of coordinates are translated and the axes 
itself rotated to assess the ideal entry point and screw trajec-
tory (Fig. 2a). The preoperative planning is performed using 
multiplanar CT reconstructions in all three dimensions. The 
intraoperative application, however, is generally performed 
using two-dimensional (2D) fluoroscopic control. The CT 
scout image is therefore used to facilitate this transition. 
The CT scout image is usually performed in a standard 
supine position and thus corresponds to the intraoperative 
positioning of the patient. Software tools allow for a real-
time localization of any arbitrary CT point in the scout view 
(“LiveSync” feature). Thus, the surgeon is able to transfer 
the ideal entry point identified in 3D CT reconstructions to 

Fig. 2  PCS entry point and screw trajectory. a Preoperative planning of 
the entry point and the screw trajectory of PCS using standard pelvic 
CT scans and commonly available multiplanar reconstruction tools. 
The entry point is located at the inner cortex of the iliac bone in the 
transition zone between the supraacetabular region and the iliac wing. 
The screw trajectory is typically oriented from cranial–anterior–lateral 
to caudal–posterior–medial. Coronal reconstruction (left) and sagit-
tal reconstruction (right). b Determination of the entry point using 
the LiveSync feature in the CT scout image. The CT scout image is 
performed in a standard supine position and thus corresponds to the 
intraoperative positioning of the patient
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Postoperative CT scans showed residual displacement of the 
posterior column of < 2 mm in 21 cases and between 2 and 
5 mm in 6 cases. There was one hip joint penetration and 
three cortical perforations of the posterior column without 
neurovascular deficits. These complications are discussed in 
the following two paragraphs.

Hip joint penetration

In general, ruling out hip joint penetration simply requires 
a single view showing an extraarticular screw position [53]. 
The authors´ approach is to use the lateral oblique view. 
Figure  5a shows a postoperative CT scan of a PCS with 
adequate reduction of the posterior hemitransverse fracture 
and no posterior cortical perforation of the posterior col-
umn, but with hip joint penetration. Figure  5b shows the 
corresponding intraoperative lateral oblique view with poor 
visualization of the anatomical landmarks. Additionally, the 

projected into each other. The magnification effect, however, 
allows for a simple differentiation between the two hips. 
The “larger” hip (Fig.  3a, dotted line) is located near the 
radiation source, while the “smaller” hip (Fig. 3a, solid line) 
is located near the receiver of the C-arm. The lateral oblique 
view is obtained by starting with a lateral view and tilting 
down the C-arm approximately 15° on the involved side in 
order to have a fluoroscopic view of the posterior border of 
the posterior column (Fig. 3b, solid line). It is advisable to 
internally rotate the legs to prevent fluoroscopic projection 
of the femoral neck and the greater trochanter onto the pos-
terior border of the posterior column.

Figure  4 shows an ACPHT fracture treated with open 
reduction and plate fixation of the anterior column and PCS 
for the posterior hemitransverse fracture component includ-
ing an intraoperative ap view (Fig.  4a), an intraoperative 
lateral oblique view (Fig. 4b) and a postoperative CT scan 
(Fig. 4c).

Complications of PCS

Between July 2016 and June 2022, 27 patients (20 men and 
7 women) were treated with PCS via an anterior approach 
at the first author´s institution. There were 14 ACPHT frac-
tures, 10 both-column fractures and 3 transverse fractures. 

Fig. 4  Correct screw placement a Intraoperative ap view of an ACPHT 
fracture treated with open reduction and plate fixation of the anterior 
column and PCS for the fixation of the posterior hemitransverse frac-
ture. The ap view shows the correct screw trajectory in the coronal 
plane. b The lateral oblique view shows the correct screw trajectory in 
the sagittal plane as well as an extraarticular screw trajectory with no 
perforation of the posterior cortex of the posterior column. c The post-
operative CT scan confirms the intraoperative findings. The posterior 
hemitransverse fracture is anatomically reduced. Coronal reconstruc-
tion (left) and sagittal reconstruction (right)

 

Fig. 3  a Lateral view of the hip. The “larger” hip (dotted line) is located 
near the radiation source, while the “smaller” hip (solid line) is located 
near the receiver of the C-arm. This allows for an easy side differen-
tiation using the magnification effect. b The lateral oblique view is 
obtained by tilting down the C-arm approximately 15° on the involved 
side in order to have a fluoroscopic view of the posterior border of the 
involved posterior column (solid line)
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lateral oblique view was not sufficiently oblique resulting in 
a poor side differentiation. Despite these fluoroscopic limi-
tations the proximity of the PCS to the hip joint is clearly 
visible (left side). This complication therefore results from 
an intraoperative error. Postoperatively, the hip joint motion 
was not restricted, and the patient refused revision surgery.

Cortical perforation of the posterior column

Ruling out cortical perforation of the posterior column 
using fluoroscopy is demanding due to the narrow and het-
erogenous anatomy of the posterior column, which was 
described as hyperbolic paraboloid [24] and triangular-
prism shaped [22]. The authors´ approach is to use the lat-
eral oblique view as well. Figure 6a shows a postoperative 
CT scan of a PCS with adequate reduction of the posterior 
hemitransverse fracture and no hip joint penetration, but 
with posterior cortical perforation of the posterior column. 
Figure  6b shows the corresponding intraoperative lateral 
oblique view, which does not clearly show cortical perfora-
tion despite a relatively posterior screw trajectory. Accord-
ingly, additional views such as the Down-to-PC view [24] 
or iliac oblique views [22] may be mandatory in order to 
rule out cortical perforation under fluoroscopic guidance 
[7]. Postoperatively, there was no sciatic nerve palsy and no 
problems with sitting in this case.

Conclusion

The application of PCS via an anterior approach is a tech-
nically demanding procedure, that allows for a relevant 
reduction of approach-related morbidity, surgical time and 
blood loss by using a single approach. Potential risks of this 
technique are inadequate reduction of the posterior column 
as well as screw misplacement with hip joint penetration 
and cortical perforation of the posterior column. It there-
fore requires meticulous preoperative planning and accurate 
intraoperative fluoroscopic guidance.
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Fig. 6  Cortical perforation of the posterior column. a Postoperative CT 
scan of an ACPHT fracture treated with PCS showing adequate reduc-
tion of the posterior hemitransverse fracture and no hip joint penetra-
tion, but posterior cortical perforation of the posterior column. Sagittal 
reconstruction. b The posterior cortical perforation is not clearly vis-
ible in a intraoperative lateral oblique view

 

Fig. 5  Hip joint penetration. a Postoperative CT scan of an ACPHT 
fracture treated with PCS showing adequate reduction of the poste-
rior hemitransverse fracture and no posterior cortical perforation of 
the posterior column, but hip joint penetration. Coronal reconstruc-
tion (left) and sagittal reconstruction (right). b The lateral oblique view 
shows the close proximity of the PCS to the hip joint despite poor 
image quality and poor side differentiation
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