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Abstract 
Open reduction of the displaced T-shaped acetabular fracture has a problem of accuracy 

of the fracture reduction. This study was carried out to demonstrate that the reconstruction of the 
pelvic brim by approaching the pubo-acetabular fragment plays a role in the accuracy of the 
reduction of displaced T-shaped acetabular fractures. From 1975 to 1990, a retrospective study was 
carried out of 22 patients who sustained a displaced T-shaped acetabular fracture. The patients 
were operated on by open reduction and internal fixation of the ischio-acetabular fragment to the 
posterior column without restoration of thepelvic -brim. Radiographs of the pelvis were reviewed. 
The result showed that there was displacement of the pubo-acetabular fragment including the 
medial wall in all cases. As the result of this study, a prospective study between 1990 and 1997 was 
carried out of 15 patients who sustained displaced T -shaped acetabular fractures including 3 
cases with medial displacement of the femoral head. The pubo-acetabular fragment was anato­
mically reduced and fixed to the anterior column of the acetabulumn as the first approach to 
restore a disrupted pelvic brim. There, patterns of the acetabular fracture were subsequently 
re-evaluated especially the ischio-acetabular fragment including the position of the femoral head 
by using an intraoperative portable X-ray technique. The stability of the hip joint was assessed 
by hip flexion. The intraoperative r~diograph appearances of the ischio-acetabular fragment were 
visually confirmed by a second surgical exposure. The results showed that the intraoperative 
radiographs gave spontaneous reduction of the ischio-acetabular fragment in all patients except 
one. There was a reduction of the displaced femoral head into the hip socket in the three patients. 
The hip joints were stable in all patients. The second surgical exposure showed that there was 
good spontaneous reduction of the ischio-acetabular fragment to the posterior column by liga­
mentotaxis in 14 patients. Therefore, it is not necessary to address the ischio-acetabular fragment. 
In the exceptional case, the ischio-acetabular fragment was displaced as a free bone which could 
not be reduced by ligamentotaxis. However, reduction and internal fixation of the ischio­
acetabular fragment to the posterior column for complete re-appli~ation of the hip joint onto the 
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pelvic ring of this case was facilitated. Postoperative 2 year and 5 year follow-up showed that the 
fracture had healed without heterotrophic ossification or premature osteoarthrosis of the hip 
joint. The exceptional case had a broken plate at the anterior column of the acetabulum. Hip func­
tion was evaluated clinically using Merle D' Aubigne's hip score. All patients had a "very good 
score". The study showed that reconstruction of the pelvic brim by anatomical reduction and 
fixation of the pubo-acetabular fragment to the anterior column plays an important role in the 
accuracy of fracture reduction of a displaced T-shaped acetabular fracture. 
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The pelvic brim is an important structure 
to provide strength and a complete circular confi­
guration of a pelvic ringO). Displaced T-shaped 
acetabular fractures besides causing intra-articular 
fracture of the hip joint also simultaneously pro­
duce-disruption of the pelvic brim at pubo-aceta­
bular fragment which results in the discontinuity of 
the circular configuration of the pelvic ring(l-3). 
Joint congruity is essential for good function of the 
hip( 1,4). Open reduction and internal fixation will 
improve results only if anatomical reduction is 
achieved(l.4). Thus, the technique of surgical treat­
ment is important. The question is whether the in­
tervening pubo-acetabular fragment or the ischia­
acetabular fragment of the displaced T -shaped ace­
tabular fracture should be approached as the first 
peripheral fragment. In the series of Judet and 
Letournel(5), surgical treatment was mainly per­
formed at the posterior. Only 74 per cent of their 
cases achieved anatomical reduction and the re­
maining 26 per cent had imperfect reduction of the 
fractures especially at the pubo-acetabular frag­
ment. Consideration of the anatomical and biome­
chanical aspects of the pelvic brimCl,2) and of the 
hip jointC1,6) indicate that the pubo-acetabular part 
of the anterior column of the acetabulum is a part 
of the pelvic brim(l,6) and contributes with other 
pelvic bones to form the upper pelvic ring in a cir­
cular configuration and has its arrangement of 
bones in the same plane(6). This configuration has 
more mechanical advantages(?) than the ischio-

acetabular part of the posterior column which is not 
a part of the pelvic brim and contributes with pelvic 
bones in a different plane to form the lower pelvic 
ring. This biomechanical advantage was confirmed 
by a biomechanical experiment to show that the 
pubo-acetabular part of the anterior column pro­
vided 2.75 times more pelvic ring stability than the 
ischia-acetabular part of the posterior column 
does(8). Moreover, the pubo-acetabular part of the 
anterior column includes the minor articular sur­
face of the hip joint(6) but the ischia-acetabular 
part of the posterior column includes more(6). Since 
the hip joint is a structure on the pelvic ring, the 
surgical technique for treatment of displaced T­
shaped acetabular fractures should approach the 
pubo-acetabular fragment as the first peripheral 
fragment to restore the disrupted pelvic brim in 
order to achieve strength and a complete circular 
configuration of the pelvic ring before going on to 
completely reapply the hip joint onto the pelvic 
ring by addressing the ischia-acetabular fragment. 
The aim of this study was to demonstrate results 
of the restoration of the disrupted pelvic brim on 
the accuracy of fracture reduction of displaced T­
shaped acetabular fractures. 

MATERIAL AND METHOD 
A retrospective study was made between 

1975 and 1992 of 22 patients who sustained a dis­
placed T-shaped acetabular fracture and radiographs 
showing superior weight bearing surface with a 
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step of more than 2 mm or a roof arc angle of less 
than 45 degrees. The pelvic brim was not restored. 
The patients had all been involved in traffic acci­
dents. Their ages ranged from 18 to 57 years old 
(average 31), with 16 males and 6 females. The 
fracture involved 9 left sides and 13 right sides. 
Two patients had associated medial displacement 
of the femoral heads. These fractures were operated 
on by our senior surgeons. The displaced T-shaped 
acetabular fracture was posteriorly approached, the 
ischio-acetabular fragment was anatomically re­
duced and stabilized to the posterior column of the 
acetabulumn with plates, but the pubo-acetabular 
fragment was not operated on (Table 1). The post­
operative radiographs of anteroposterior, internal 
and external oblique views of the pelvis of these 
patients were reviewed. Displacement of the pubo­
acetabular fragment and position of the femoral 
head were evaluated. According to the findings of 
this study including biomechanical and anatomical 
bases of pelvic brim and hip joint, a prospective 
study was carried out between 1990 and 1997 on 
fifteen consecutive patients who sustained displaced 
T -shaped acetabular fractures including medial 
displacement of the femoral head in three cases. 
The radiographs of the pelvis in anteroposterior, 
internal and external oblique views showing supe­
rior weight bearing surface had a step of more than 
2 mm or a roof arc angle less than 45 degrees. The 
pelvic brim was restored by approaching the pubo­
acetabular fragment. All patients had been in­
volved in traffic accidents. There were 12 males 
and 3 females with ages ranging from 17 to 54 years 
(average 31). The fractures involved eleven right 
sides and four left sides. (Table 2). The pelvis was 
X-rayed in anteroposterior view and in both 45 
degree internal and external oblique views. After 
resuscitation, the patients underwent surgery at the 
earliest within 24-48 hours and with a delay of not 
more than 1 week. The surgery was done by the firSt 
author and co-authors. The patients who had asso­
ciated injuries and could not have surgery within 
one week were excluded. The patients were placed 
in the supine position and under general anesthesia. 
The pubo-acetabular fragment of the acetabular 
fracture was exposed by ilioinguinal approach. The 
pubo-acetabular fragment and the medial wall of the 
acetabulum were identified. The capsular attach­
ment of the hip joint to the pubo-acetabular frag­
ment was assessed. The pubo-acetabular fragment 
was anatomically reduced and fixed to the anterior 

column of the acetabulum by a 3.5 millimeter re­
construction plate (Synthes, Bettlach, Switzerland). 
When the pelvic brim was completely reconstructed. 
intraoperative roentgenographs of the pelvis in 
anteroposterior, 45 degree internal and external 
oblique views were taken by portable X-ray tech­
nique to evaluate the position of the ischia-aceta­
bular fragment and of the femoral head. The stabi­
lity of the hip joint was evaluated three times at 
neutral rotation hip flexion in the range of 0 to 90 
degrees. The intraoperative radiographic appea­
rance of the ischia-acetabular fragment was 
visually confirmed by a second operation to expose 
the posterior column. The patients were put in the 
lateral position with the effected site upwards. The 
ischio-acetabular fragment was exposed by the 
Kocher-Langenbach approach. The stability of the 
hip joint was re-evaluated by the same maneouver. 
When optimal reduction of the ischia-acetabular 
fragment to the posterior column was obtained, 
there was no need to address the ischia-acetabular 
fragment. On the other hand, if the ischio-acetabular 
fragment had imperfect reduction, addressing the 
ischio-acetabular fragment was performed and fixed 
to the posterior column for complete reapplication 
of the hip joint onto the pelvic ring. The patient was 
put on a bed and skin traction applied with an 8 
pound weight for 3 weeks postoperatively then 
non-weight bearing ambulation with crutches was 
started at week 16. The roentgenographic results 
were evaluated by X-ray films of the anteroposte­
rior, 45 degree internal and external oblique views 
of the pelvis at 2-3 month intervals until the frac­
ture healed. The clinical follow-up was made 
between 2 and 5 years postoperatively. Finally, the 
hip function was finally assessed by Merle D' 
Aubigne's hip score(9). 

RESULT 
In this retrospective study of 22 patients. 

the pelvic brim was not restored, but the radiograph 
of the pelvis showed that the ischio-acetabular 
fragment had anatomical reduction and fixation to 
the posterior column of the acetabulum with one or 
two plates. However, there was medial displace­
ment of the pubo-acetabular fragment including the 
medial wall of the acetabulum in all patients (Table 
1 and Fig. 1 ). In the associated medial displacement 
of the femoral head in two patients, the femoral head 
remained displaced. In the prospective study of the 
15 patients whose pelvic brim was restored, the 
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Figs. lA, B, C, D, E and F. Radiographs of anteropos­
terior, internal and external oblique views 
of the pelvis showing a displaced T-shaped 
right acetabular fracture which reduction 
was performed and fixed the ischio-aceta­
bular fragment to the posterior column with­
out restoration of pelvic brim. 

Figs. lA, B and C. Radiographs showing the fracture 
involving the pubo-acetabular part of the 
anterior column and the ischio-acetabular 
part of the posterior column. The pelvic 
brim was disrupted at the pubo-acetabular 
fragment. 

Figs. lD, E and F. Radiographs showing anatomical 
reduction and fixation of the ischio-acetabu­
Iar fragment to the posterior column, but 
medial displacement of the pubo-acetabular 
fragment remained. The pelvic brim was not 
restored. 
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Figs. 2A, B, C, D, E and F. Radiographs of anteroposterior, internal and external and external oblique views 
of the pelvis showing a similar displaced T -shaped right acetabular fracture as in figure 1. The 
pelvic brim was restored by reduction and internal fixation of the pubo-acetabular fragment to the 
anterior column. 

Figs. 2A, B and C. Radiographs showing the fracture involving the pubo-acetabular fragment of the anterior 
column and the ischio-acetabular fragment of the posterior column. The pelvic brim was disrupted 
at the pubo-acetabular fragment. 

Figs. 2D, E and F. Radiographs showing anatomical reduction and internal fixation of the pubo-acetabular 
fragment to the anterior column. The disrupted pelvic brim was restored. There was simultaneous 
reduction of the ischio-acetabular fragment to the posterior column. 
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Figs. 3A, B, C, D, E, and F. Radiographs of anteroposterior, internal and external oblique views of the pelvis 
showing a displaced T-shaped left acetabular fracture and there was medial displacement of the 
femoral head. The pelvic brim was restored by reduction and internal fixation of the pubo-acetabular 
fragment to the anterior column. 

Figs. 3A, B and C. Radiographs showing the fracture involving the pubo-acetabular part of the anterior 
column and the ischio-acetabular part of the posterior column. The femoral head was displaced 
medially. The pelvic brim was disrupted at the pubo-acetabular fragment. 

Figs. 3D, E and F. Radiographs showing anatomical reduction and fixation of the pubo-acetabular fragment 
to the anterior column by the first plate. The disrupted pelvic brim was reconstructed. The second 
plate was applied as a splintage of medial wall. Without manipulation of the ischio-acetabular 
fragment, there was simultaneous reduction of the ischio-acetabular fragment to the posterior 
column and of the femoral head. 
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Fig. 4A. The fracture had a wide displacement of 
the ischio-acetabular fragment as a free 
bone. 

Fig. 4B. The reduction and fixation of the pubo­
acetabular fragment to the anterior column 
of the acetabulum was performed. Although 
the pelvic brim was restored, the ischio­
acetabular fragment could not be reduced 
by ligamentotaxis. The reduction and fixa­
tion of the ischio-acetabular fragment to the 
posterior column of the acetabulum was 
performed for complete reapplication of the 
hip joint onto the pelvic ring. 

Fig. 4C. The plate fixed at the posterior column was 
removed three years postoperatively. The 
fracture healed without osteoarthrosis of 
the hip joint. In this case, there was a broken 
plate at the pubo-acetabular fragment 6 
months postoperatively. 

Figs. 4A, B and C. Radiograph showing a displaced T-shaped right acetabular fracture. 

results showed that there was capsular attachment 
of the hip joint to the pubo-acetabular fragment in 
all patients . The intraoperative radiographs showed 
that there was spontaneous reduction of the ischia­
acetabular fragment in all patients except one. The 
medial displacement of the femoral head in three 
patients had spontaneous reduction. The hip joint 
was stable in all patients (Table 2, Fig. 2 and Fig. 3 ). 
The second surgical exposure showed that fourteen 
patients had good reduction of the ischia-acetabular 
fragment to the posterior column by ligamentotaxis. 
The hip joint was re-evaluated showing good sta­
bility. There was no need for addressing the ischia­
acetabular fragment to the posterior column. In the 
exceptional case, the second surgical exposure 
showed that the ischia-acetabular fragment was 
widely displaced as a free bone and could not be 
reduced by ligamentotaxis. However, the hip joint 

of this patient was stable. The ischia-acetabular 
fragment was reduced and fixed to the posterior 
column of the acetabulumn with a 3.5 millimeter 
reconstruction plate (Fig. 4). At a minimum follow­
up of 2 years and maximum of 5 years, radiographs 
showed all patients had good healing of the frac­
tures in three months, good stability of the hip joints, 
no premature osteoarthritic changes and no hetero­
trophic ossification of the hip. There was no dis­
placement of the ischia-acetabular fragment from 
the posterior column in the fourteen patients who 
had no internal fixation of the ischia-acetabular frag­
ment. The exceptional patient had a broken plate 
fixation of the pubo-acetabular fragment six months 
postoperatively, but no broken plate fixation at the 
ischia-acetabular fragment (Fig. 4). The hip joint 
was clinically evaluated at final follow-up showing 
very good scores in all patients. 
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DISCUSSION 
The retrospective study was of 22 patients 

who sustained displaced T -shaped acetabular frac­
ture although the ischia-acetabular fragment had 
anatomical reduction and stabilization to the poste­
rior column of the acetabulumn. However, the pubo­
acetabular fragment remained in medial displace­
ment and the femoral head of the two patients also 
remained in medial displacement. This resulted in 
incongruity of the hip joint. This could be explained 
by the disrupted pelvic brim at the pubo-acetabular 
fragment not being restored and stabilized; there­
fore, strength and a complete circular configuration 
of pelvic ring was not obtained to bear the force 
from the femoral head transmitted through the 
acetabulum into the pelvic ring(3,7,8). Moreover, 
ligamentotaxis of the hip joint could not function 
well when the disrupted pelvic brim was not re­
stored and stabilized. The results of the prospective 
study of 15 patients who sustained displaced T­
shaped acetabular fractures showed that the pubo­
acetabular fragment was first approached by reduc­
tion and stabilization to the anterior column of the 
acetabulumn. This provided spontaneous reduction 
of the ischia-acetabular fragment to the posterior 
column and of the femoral head into the hip socket. 
Moreover, it provided the stability of the hip joint 
without fixation :1f the ischia-acetabular fragment 
to the posterior column. This could be explained by 
the fact that the disrupted pelvic brim was restored 
and stabilized by reduction and stabilization of the 
pubo-acetabular fragment to the anterior column. 
So, strength and a complete circular configuration 
of the pelvic ring was obtained and the mechanism 
of ligamentotaxis of the hip joint capsule including 
the ligamentum teres capitis functioned well pro­
viding stability of the femoral head into the hip 

socket as well as producing spontaneous reduction 
of the ischia-acetabular fragment to the posterior 
column. In the study, fourteen patients achieved 
good reduction of the fractures and had good stabi­
lity of the hip joint. However, in one exceptional 
case, there was displacement of the ischia-aceta­
bular fragment from the posterior column as a free 
bone which could not be reduced by ligamentota­
xis. Nevertheless, the hip joint was stable. This may 
be because the mechanism of ligamentotaxis of the 
hip capsule and of the ligamentum teres capitis 
functioned well on the restored pelvic brim after 
stabilization of the pubo-acetabular fragment to the 
anterior column of the acetabulum. Nevertheless, 
addressing the ischia-acetabular fragment in order 
to complete reapplication of the hip joint to the pel­
vic ring by reduction and stabilization of the ischia­
acetabular fragment to the posterior column of the 
acetabulum could be facilitated since reduction and 
internal fixation of the fracture was performed on 
the stable frame of the pelvic ring. In the postopera­
tive follow-up, the exceptional patient had a broken 
plate at the pubo-acetabular fragment without fai­
lure of the plate fixation at the posterior column, 
because the patient had started weight ambulation 
too early before healing of the fracture was 
obtained. Although this study did not include the 
stability of the posterior column, it can be concluded 
that the reconstruction of pelvic brim by reduction 
and fixation of pubo-acetabular fragment to the 
anterior column of the acetabulum provides the 
accuracy of fracture reduction ofT-shaped acetabu­
lar fracture. However, intraoperative X-ray films of 
the pelvis are important to assess whether perfect 
reduction of T -shaped acetabular fracture is 
obtained. 

(Received for publication on May 13, 1999) 
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