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Abstract

Purpose Smaller posterior acetabular walls have been shown to independently influence the risk for bipolar hip dislocation.
We asked whether differences would also be observed in patients with traumatic posterior hip dislocation with and without
posterior wall fractures.

Methods Between 2012 and 2020 we observed 67 traumatic posterior hip dislocations. Of these, 43 traumatic posterior hip
dislocations in 41 patients met the inclusion criteria. Eighteen dislocations were excluded with an acetabular fracture other
than posterior wall fracture and six dislocations had insufficient computed tomography (CT) data. The mean age was 41 +
11 years, 32 males and nine females. We observed 26 traumatic hip dislocations with posterior wall fractures and 17 with-
out. All patients underwent polytrauma CT scans and postoperative/postinterventional pelvic CT scans. On axial CT-scans,
posterior wall determining angles were measured.

Results Patients with posterior wall fractures were not significantly older than patients without posterior wall fractures (42 +
12 vs. 38 + 10 years; p=0.17). Patients without posterior wall fractures had significantly smaller posterior acetabular sector
angles (84° + 10°) than did patients with posterior wall fractures (105° + 12°) (p<0.01; OR 1.178). Likewise, the posterior
wall angle was significantly smaller in patients without posterior wall fracture (62° + 9°) than in those with posterior wall
fractures (71° + 8°) (p<0.01; OR 1.141).

Conclusion Both posterior acetabular sector angle and posterior wall angle are independent factors determining the posterior
wall fracture morphology in patients with traumatic posterior hip dislocation. Age and the observed trauma mechanism did
not differentiate between traumatic posterior hip dislocations with and without posterior wall fractures.
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Introduction

Traumatic posterior hip dislocations are most commonly
seen as dashboard injuries in car accidents and can occur
either with or without fracture of the femoral head and either
with or without fracture of the posterior acetabular wall [1,
2]. Concomitant femoral head fractures were observed in
5-15% of all posterior hip dislocations, and posterior wall
fractures occurred in about 75% of all posterior hip disloca-
tions [2, 3]. Traumatic posterior hip dislocations have been
classified by Thompson and Epstein into five types, begin-
ning with simple dislocation without fracture towards higher
degree of fracture with posterior wall fragment, impression
of the quadrilateral surface, and femoral head fracture [3,
4]. Posterior wall fractures of the acetabulum are among the
most common acetabular fractures [4—6]. Judet and Letuer-
nel stated that the mechanism of posterior wall fracture was
direct axial force transmission from the flexed femoral head
towards the acetabulum [6]; the flexion degree determined
whether the force was transmitted superiorly or inferiorly
[6]. Finally, they described two types of posterior wall frac-
ture, with or without posterior comminution of the wall
fragment. Comminution is associated with poor outcome
[6, 7]. As independent factors determining the degree of
fracture and comminution the “height, width, and location”
are “functions of the direction and magnitude of the force
transmitted to the acetabulum” [6]. Femoral head fractures
themselves have been classified by Pipkin into types I-IV [1,
2]. Their inherent nature describes a pathological situation
with a traumatic hip dislocation and accompanying differ-
ent types of femoral head, avulsion-like fractures or femoral
neck fractures or fracture of the posterior acetabular wall.
Types I-I1I are femoral head fractures without posterior wall
involvement, and type IV fractures are femoral head frac-
tures with posterior wall involvement.

Recently, we showed that posterior wall morphology
differs by age, gender, and the degree of osteoarthritis [8].
The various posterior wall types can be distinguished by
measurement of posterior wall angles [8, 9]. The method
was adapted from Valera et al., who analyzed the acetabular
shape and described the anterior and posterior acetabular
coverage in healthy patients younger than 55 years without
higher degrees of osteoarthritis [9]. Likewise, reduced pos-
terior acetabular sector angle (PASA) and reduced poste-
rior wall angle (PWA) were thought to be among the major
patient-related specific factors influencing the risk for bipo-
lar hemiarthroplasty dislocation [10].

We assume that the differences in bipolar hemiarthro-
plasty dislocation and traumatic posterior hip dislocations
are based on the same anatomical differences of posterior
wall morphology with reduced PASA and PWA. Both PASA
and PWA are indirect parameters determining the posterior
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femoral head coverage in the axial plane. Likewise, in the
frontal plane, the center edge (CE-angle) angle described by
Widberg et al. can be seen as an indirect parameter charac-
terizing the femoral head coverage [11]. A small CE-angle
in the frontal plane increases the peak stress in dysplastic
hips up to 7.1 kPa/N compared to healthy hips (3.5 kPa/N),
and most importantly, it shifts the peak force from central to
a more lateral position [11].

As the joint pressure equals the transmitted force
divided by the surface area, a smaller posterior wall sur-
face area is expected to result in a higher joint pressure
during traumatic posterior hip dislocation [12]. Therefore,
we believe that a smaller posterior wall will increase the
acetabular peak force and shift it more laterally. This may
lead to dislocation without posterior wall fracture, but
resulting in a shear fracture of the femoral head. Second,
a larger posterior wall leads to a more central force trans-
mission leading to a posterior wall fracture at the point
of force impact in patients with traumatic posterior hip
dislocation. The goal of the present study was to answer
the following questions: When does the hip dislocate pos-
teriorly with fracture of the posterior acetabular wall, and
when does the hip dislocate without fracture of the poste-
rior acetabular wall?

Patients and methods

Between 2012 and 2020, we observed 67 traumatic hip dis-
locations. Of these, we recorded 43 traumatically dislocated
hips in 41 patients. Exclusion criteria were a higher degree
of acetabular fracture such as involvement of the posterior
column or impression of the quadrilateral surface and miss-
ing or insufficient CT data. Overall, 24 posterior hip dis-
locations were excluded. Of these, 18 traumatic posterior
hip dislocations were excluded due to a higher degree of
acetabular fracture and six traumatic posterior hip dislo-
cations were excluded due to missing or insufficient CT
data (Fig. 1). The mean age was 41 + years, 32 males and
nine females. We observed 26 traumatic hip dislocations
with posterior wall fractures and 17 traumatic hip disloca-
tions without posterior wall fractures. All patients under-
went polytrauma CT scans and postoperative/postinterven-
tional pelvic CT scans. Fracture morphology was classified
according to Pipkin classification, and trauma mechanism
was monitored from medical records. Trauma mechanism
and operative or non-operative treatment strategies were
monitored from medical records.

To evaluate the acetabular morphology with special
respect to the posterior wall, radiological evaluation of
axial CT scans included acetabular coverage (%), acetabular
anteversion angle (AAA), posterior acetabular sector angle
(PASA) and the posterior wall angle (PWA®). The method



Posterior acetabular wall morphology is an independent risk factor that affects the occurrence... 345

[ Enrollment ]

Traumatic posterior hip
dislocation (n = 67)

Excluded (n = 24)

«+ Dislocations with acetabular fracture other
than posterior wall fracture (n = 18)

« Insufficient CT data (n = 6)

Traumatic posterior hip dislocation meeting the
inclusion criteria (n = 43)

v
l [ Allocation ] v
Traumatic posterior hip dislocations without Traumatic posterior hip dislocations with
posterior wall fracture (n = 17) posterior wall fracture (n = 26)
+ Pipkin Type | femoral head fracture (n = 3) + Isolated posterior wall fracture (n = 24)
+ Pipkin Type Il femoral head fracture (n = 10) «+ Pipkin Type IV femoral head fracture (n = 2)
+ Pipkin Type Ill femoral head fracture (n = 2)
+ Dislocation without femoral head fracture (n = 2)
“ ( v
Therapy
L Jo ORIF plate (n = 26)

+ ORIF via screw (n = 9)

+ Total hip arthroplasty (n = 5)
+ Closed reduction, non-operatively (n = 2)
+ Open debridement (n = 1)

Fig. 1 Flow chart enrolment

was adapted from Valera et al. [8, 9] (Fig. 2). A reference
line through the center of both femoral heads was drawn
(ICL). An orthogonal line through the center of the femoral
hip was also drawn (ICL90). A line between the anterior and
posterior acetabular lip of the acetabulum (AVL) was drawn
to determine the part of the covered femoral head. This part
was divided by the total diameter of the femoral head. Data
were expressed as % of the total. AAA° was determined by
the angle between the ICL90 and AVL. The PASA® was
determined by measuring the angle between the ICL and a
line from the femoral head center to the lateral edge of the
posterior wall [2]. The angle between the ICL90 and the
tangent to the posterior articular surface area determined
the PWA.

+ Secondary total hip arthroplasty (n = 1)

Statistical analysis

Data were tested for normal distribution using the Shap-
iro—Wilk test. For comparative statistics, in case of normal
distribution, the ¢ test was used. If data were not normally
distributed, the Mann—Whitney U test was used. Data were
expressed as median with 25% and 75% quartiles, or if nor-
mally distributed, as mean + standard deviation. Pearson
correlation testing was performed for correlation testing of
interrater correlation and correlation testing of the measured
acetabular angles. A receiver operating characteristic (ROC)
analysis was conducted for sensitivity and specificity analy-
sis of the angles.
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Fig.2 CT-morphological ace-
tabular measurement. a and b A
35-year-old man with traumatic
posterior hip dislocation with
femoral head fracture but with-
out posterior wall fracture. ¢ and
d A 34-year-old patient with

a traumatic posterior hip dis-
location without femoral head
fracture but with posterior wall
fracture. a and c¢ Strictly axial
images of the right hip. b and d
Strict lateral view on 3D recon-
structions of CT scans showing
a small and open acetabulum in
image b and a large and closed
posterior wall in image d. Red
dashed line (ICL): line between
both femoral head centers, black
line: extension of the ICL, blue
lines: line perpendicular to the
ICL defined as ICL90 and line
defined as tangent to the pos-
terior acetabular joint surface.
Posterior acetabular sector angle
(PASA): angle between both

red lines, posterior wall angle
(PWA): Angle between both
blue lines

Institutional review board approval

Institutional Review Board approval was not required
because the investigator conducting this research obtained:
(1) no data through interventional interaction; and (2) no
identifiable private information.

Results

Of the 43 traumatic dislocated hips in 41 patients, we
observed 26 traumatic hip dislocations with posterior wall
fractures and 17 traumatic hip dislocations without poste-
rior wall fractures. Patients with posterior wall fractures
were not significantly older than patients without posterior
wall fractures (42 + 12 years vs. 38 + 10 years, p=0.272).

Trauma mechanism
Overall, we observed 29 dashboard injuries after car acci-

dents. No differences in the incidence of trauma mecha-
nism between traumatic posterior hip dislocations with
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or without posterior wall fractures were observed (17/65
vs. 12/70%). Eight patients suffered motorcycle accidents.
There were no differences in terms of incidence of trauma
mechanism between traumatic posterior hip dislocations
with or without posterior wall fractures (6/23 vs. 2/12%).
Six patients were grouped as “other mechanism” with one
patient hit by a gun shot and five patients who fell from
a height larger than three meter (Table 1). There were no
differences in terms of incidence of trauma mechanism
between traumatic posterior hip dislocations with or
without posterior wall fractures. Furthermore, acetabular
angles did not differ between patients with different trauma
mechanism (Table 2).

Fracture classification and treatment

In the 17 traumatic posterior hip dislocations without pos-
terior wall fractures, we observed three pipkin type I frac-
tures, 10 Pipkin type II fractures, and two pipkin type III
fractures. Two patients suffered dislocations without frac-
tures. Nine dislocated hips underwent open reduction and
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Table 1 Trauma mechanism and dislocation type

Mechanism

Traumatic posterior hip dislocation without
posterior wall fracture (n=17)

Traumatic posterior hip dislocation with poste-
rior wall fracture (n=26)

Dashboard injury (n/%) 12/70
Motorcycle (n/%) 2/12
Other (n/%) 3/18

17/65
6/23
3/12

internal fixation (ORIF) via screws, nine dislocated hips
underwent total hip arthroplasty (THA), two dislocated
hips underwent closed reposition, and one dislocated hip
underwent open debridement. In the 26 traumatic posterior
hip dislocations with posterior wall fractures, we observed
24 isolated posterior wall fractures and two Pipkin type
IV fractures. All 26 traumatic posterior hip dislocations
underwent ORIF via posterior plating of the acetabular
wall. One patient had to be converted to THA secondarily

(Fig. 1).

Radiological measurements

Interestingly, patients without posterior wall fractures
showed significantly smaller PASA than patients with pos-
terior wall fractures (84° + 10° vs. 105° + 12°; p<0.01;
OR 1.137). Likewise, the PWA was significantly smaller
in patients without posterior wall fractures than in patients
with posterior wall fracture (62° + 9° vs. 72° + 8°; p<0.01;
OR 1.112). The femoral head coverage was significantly

Table 2 Trauma mechanism and acetabular angles

Dashboard  Motorcy- Other p value
injury cleinjury  (n=6)
(n=29) (n=38)
Coverage 36.6+9.8 432+149 395+31 >0.05
(%)
AAA (°) 172472 192+74 19.2+44 >0.05
PASA (°) 94.1+146 102+18.7 104.5+11.5 >0.05
PWA (°) 66.6+10.5 73.7+99 68.3+8.0 >0.05

Table 3 Radiological measurements and dislocation type

smaller in patients without posterior wall fractures than in
patients with posterior wall fractures (34° + 10° vs 41° +
10°; p<0.03) However, the AAA showed no significant
differences between both groups (16° + 5° vs. 19° + 7°;
p>0.05) (Table 3).

ROC curve analysis showed that a PASA angle of 89°
[area under the curve (AUC) 0.906] had a good test result for
traumatic hip dislocations with posterior wall fractures with
a sensitivity of 92.3% and a specificity of 82.4%. PWA angle
of 61.5° (AUC 0.809) showed a fair test result for traumatic
hip dislocations with posterior wall fractures with a sensitiv-
ity of 88.5% and a specificity of 47.1%.

Discussion

We observed two major findings: a smaller posterior wall is
associated with a higher risk of traumatic posterior hip dis-
location without posterior wall fracture, but a high number
of shear fractures of the femoral head and vice versa larger
posterior walls are associated with higher risk of traumatic
posterior hip dislocations accompanied by posterior wall
fractures. Both PASA and PWA are adequate parameters
to distinguish between patients who will have a higher risk
of suffering either a traumatic poster hip dislocation with
posterior wall or femoral head fracture. Second, age did not
determine fracture morphology. Furthermore, the fracture
mechanism did not differ significantly between traumatic
posterior hip dislocations with and without posterior wall
fractures.

Our hypothesis was based on the assumption that, in
the axial plane, similar biomechanical properties can
be observed as in the frontal plane with respect to axial
force transmission via the femur towards the acetabulum.

Total (n = 43) Traumatic posterior hip dislocation without ~Traumatic posterior hip dislocation with p value
posterior wall fracture (n =17) posterior wall fracture (n = 26)
Coverage (%) 38+ 10 34+10 41 £ 10 0.03
AAA () 38+ 10 15+7 19+6 0.18
PASA (°) 97+ 15 84 +10 19+6 < 0.01
PWA (°) 68 + 10 62+9 19+6 <0.01

Bold values are considered statistically significant with p<0.05
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Furthermore, we assumed that both PASA and PWA would
describe the posterior wall morphology in the axial plane,
as the CE-angle does in the frontal plane. In other words,
we assumed that a decrease in CE-angle would be associ-
ated with (1) greater peak stress than in patients with normal
CE angles and (2) with shifts of the peak force from central
to a more lateral position, analogously small PASA would
increase the peak force and shift the peak force from central
to lateral in the axial plane [11].

As shown by Vukasinovic et al. who compared hip forces
before and after triple pelvic osteotomy in the frontal plane,
comparing biomechanical forces in case of preoperative
small- and postoperative larger CE-angle, significant changes
in hip forces were observed. Most interestingly by enlarge-
ment of CE-angle via triple pelvic osteotomy (1) peak contact
hip stress normalized to body weight was decreased by 55.9%
and (2) the vector of the stress pole shifted medially, by 63%.
We believe that a larger more centralized peak force will more
likely result in a fracture of the posterior acetabular wall with
or without shear fracture of the femoral head in patients with
a larger posterior wall than in patients with a smaller poste-
rior wall. Likewise, a more open posterior acetabular wall
increases the shear stress to the femoral head letting it slip
out of the cup by means of dislocation either with or without
fracture of the femoral head but most probably resulting in
labral tears but no posterior wall fracture [13].

We are aware of the missing biomechanical examination
in our study, which is certainly one major limitation of our
study. Nevertheless, despite the fact that a causative associa-
tion of fracture morphology and posterior wall morphology
in patients with traumatic posterior hip dislocation could not
be determined in our study, we can state that a significant
correlation of posterior wall morphology and fracture mor-
phology can be made with a sensitivity of up to 88.9%. This
is in line with our previous observations in patients with
posterior bipolar hip arthroplasty dislocations [10].

As shown by Judet and Letournel, the fracture morphol-
ogy of the posterior wall depends on the location of the
femoral head with respect to the acetabulum, and by this,
the concomitant and axial force transmitted to the acetabu-
lum. Whereas a more flexed and adducted femur will lead
to an inferior and more outer fracture, a more extended and
abducted femur will lead to a more superior and more central
posterior wall fracture [6]. Due to the retrospective nature
of our study and the missing biomechanical evaluations of
the fracture mechanism, the impact of possible differences
in force transmission towards the hip joint leading to differ-
ent fracture morphologies cannot be clearly identified and
may be another limitation of this study. Furthermore, the
impact of proximal femoral morphology on the risk of hip
dislocation was not observed in this study and is another
limitation. As Steppacher et al. have stated femoroacetabular
impingement predisposes to posterior hip dislocation [14].
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Most interestingly a cam-type impingement might act like
a fulcrum. Unfortunately, Steppachers et al. and likewise
our data, both lake information on femoral torsion due to
missing whole leg CT-scans. This would most likely help
to analyze the femoroacetabular anatomy, influencing the
morphological differences in patients with posterior hip
dislocation. Although femoral morphological differences
have not been included in this study, we believe that the
differences in acetabular morphology are an individual fac-
tor influencing posterior hip dislocations with- and without
posterior wall fracture. We could show that besides the in
the literature known reduction of the acetabular anteversion,
which was not statistically significant different between our
study groups, the size of the posterior wall determines the
type of posterior wall dislocation [14].

Normal hip contraction forces have been described pre-
viously [15-17]. In healthy hips, the normal hip power in
a single leg stand is about 1500 N, whereas in dysplastic
hips, this power rises up to 2295 N [18]. In dysplastic hips,
the center edge angle is an important parameter to deter-
mine the size of the weight-bearing surface and is associ-
ated with the development of osteoarthritis [11, 19]. This
is an indirect parameter to determine the hip stress. As in
the frontal plane, the CE-angle defines the cranial acetabu-
lar coverage; the PASA angle likewise defines the poste-
rior acetabular coverage in the axial plane [20]. A decrease
in CE-angle is directly associated with a decrease of cra-
nial acetabular contact area. In this manner, an increase of
peak pressure contact force can be observed [20].

Finally questioning the clinical relevance of our results,
we believe (I) that in general our data clearly give reason
to focus on posterior wall morphology in various patho-
logic situations at the hip by means of analyzing combined
acetabular and femoral version to better understand the
pathomorphological basics and (II) to our mind the ques-
tion arises weather the posterior acetabular wall morphol-
ogy is an independent factor for posttraumatic osteoarthritis
and by this weather an initial early arthroplasty might be
an better option in some patients or alternatively a slight
correction of the acetabular posterior wall in the intraopera-
tive, early traumatic situation might be an adequate tool. The
analysis of labral and cartilage damages seems to be one
further parameter which might differ between patients with
traumatic hip dislocation either with- or without fracture of
the posterior acetabular wall. Therefore, to our mind further
studies need to focus on differential labral and cartilage dam-
ages in both traumatic situations. Either the focused intra-
operative analysis or a preoperative MRI of the injured hip
might be adequate tools to determine labral and cartilage
damages, address them adequately and to identify options
to reduce the rate of posttraumatic osteoarthritis in patients
with traumatic hip dislocation either with- or without frac-
ture of the posterior acetabular wall.
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Conclusion

A smaller posterior wall is associated with a higher risk of
traumatic posterior hip dislocation without posterior wall
fracture and a high number of shear fractures of the femoral
head. A larger posterior wall is associated with a higher risk
of traumatic posterior hip dislocations with posterior wall
fractures. Both PASA and PWA are appropriate parameters
to distinguish between patients who will have a higher risk
of suffering either traumatic posterior hip dislocation with
posterior wall fractures or with femoral head fractures.
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