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Abstract 

Objective: Transverse‑oriented acetabular fractures (TOAFs), including transverse, transverse with posterior wall and 
T‑shaped fractures, are always challenging for double‑column reduction and fixation with minimally invasive method. 
The purpose of this study is to compare the therapeutic effects of robot‑aided percutaneous anterior column screw 
fixation versus minimally invasive anterior plate fixation for TOAFs based on the Kocher‑Langenbeck (K‑L) approach.

Methods: Patients suffering TOAFs that were fixed by robot‑aided percutaneous anterior column screw fixation or 
minimally invasive anterior plate fixation associated with posterior fixation via the K‑L approach were divided into 
two groups: group A (screw fixation) and group B (plate fixation). Surgical time, blood loss, incision length for anterior 
fixation and complications were recorded. Fracture reduction quality was evaluated using criteria described by Matta. 
Fracture healing was assessed on the series of pelvic radiographs at each follow‑up. Functional outcomes were inves‑
tigated using the modified Postel Merle D’Aubigne score at the final follow‑up.

Results: Twenty‑nine patients with TOAFs, including 12 patients in group A and 17 patients in group B, were 
evaluated for study eligibility. The mean surgical time of anterior fracture fixation was 18.7 ± 4.6 min in group A 
and 33.4 ± 5.0 min in group B (P < 0.001). The amount of intraoperative blood loss was 615.6 ± 178.7 ml in group 
A and 719.3 ± 199.0 ml in group B (P < 0.001). Incision length for anterior fixation was 9.0 ± 1.8 mm in group A and 
81.2 ± 7.3 mm in group B (P < 0.001). The complications related to the surgery of anterior column only occurred in 
group B (lateral femoral cutaneous nerve palsy in 1 patient and groin discomfort in 1 patient). No significant differ‑
ences in reduction quality, hospital stay, fracture healing time and functional results were noted between the two 
groups.

Conclusion: The K‑L approach combined with robot‑aided anterior column screw fixation is a safe and effective 
option for TOAFs. Compared with minimally invasive anterior plate fixation, robot‑aided screw fixation has obvi‑
ous advantages on surgical time, blood loss, and invasiveness. The K‑L approach combined with minimally invasive 
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Introduction
Transverse-oriented acetabular fractures (TOAFs), 
including transverse, transverse with posterior wall 
and T-shaped fractures, are relatively common pat-
terns, accounting for approximately 32–46% of all the 
acetabular fractures [1–4]. The main transverse frac-
ture line running in the sagittal direction can split the 
acetabulum from the dome to the quadrilateral surface. 
Due to the variable fracture lines, transverse acetabular 
fracture can be distinguished into the transtectal, juxta-
tectal or infratectal types [1].

The posterior or central displacement of a femoral 
head determines whether the posterior wall is involved 
in the transverse acetabular fracture. Because of the 
convenience of intraoperative exposure or the exist-
ence of posterior wall fractures, the majority of sur-
geons prefer the Kocher-Langenbeck (K-L) approach 
to treat TOAFs [5–7]. Letournel and Judet [1] reported 
the reduction quality of 117 patients with transverse 
and posterior wall fractures, of which 90 patients were 
treated operatively via the K-L approach with the over-
all perfect reduction rate of 67.5%. In a series of 60 
patients with transverse and posterior wall fractures 
reported by Matta [8], 46 patients were treated using 
the K-L approach with the anatomic reduction rate of 
80%.

Compared to the quality of the transverse fracture 
reduction through a single K-L approach in the prone 
or lateral position, some studies showed that the dis-
placement of anterior column persistently existed with 
the mean gap of 1.3–2.1 mm and the maximal displace-
ment of 7 mm no matter which position was chosen [9, 
10]. A recent study demonstrated that the development 
of osteoarthritis increases significantly if the residual 
gap or step of the transverse acetabular fractures are 
more than 3 mm and 1 mm, respectively [11]. In conse-
quence, it’s of great importance to reduce both-column 
simultaneously during the intraoperative procedure.

Similar to all intra-articular fractures, the key points 
to achieve satisfactory prognosis of acetabular fracture 
are to reconstruct the precise congruence of acetabu-
lum and femoral head, restore the integrity of articular 
surface, and provide strong and effective internal fixa-
tion strength for early rehabilitation. The simple pos-
terior plating probably leads to opening of the anterior 

fracture gap due to the unreasonable pre-contouring of 
the plate or failure of anterior reduction. Consequently, 
the K-L approach combined with an anterior fixation 
for transverse acetabular fractures is recommended to 
achieve anatomical reduction and stable fixation [12]. 
The stiffest fixation method for the TOAFs shown in 
the clinical and biomechanical studies is the combina-
tion of posterior column plates with an anterior column 
screw, with loss of reduction ranging between 3 and 
5% [13–15]. A recent study reported a biomechanical 
comparison on transverse acetabular fracture stabiliza-
tion with five different fixation methods (anterior plat-
ing only, posterior plating only, anterior plating plus a 
posterior column screw, posterior plating plus an ante-
rior column screw and anterior plus posterior plating), 
and the conclusion was that internal fixation of a sin-
gle column might not provide adequate stability, while 
strength of the plate plus column screw fixation and 
double plate fixation was comparable [16]. Therefore, 
the combination of posterior plating and percutane-
ous anterior column screw fixation is more reasonable, 
while avoiding the additional invasiveness caused by 
anterior approach. However, anterograde anterior col-
umn screw fixation with free-hand technique is not 
easy to be inserted accurately even for the experienced 
surgeons. Due to the uncertain entry point and the nar-
row bony corridor, it usually takes much time to insert 
the guiding wire accurately, with the consequence of 
excessive radiation exposure to patients and surgeons. 
Percutaneous fixation under the guidance of orthope-
dic robots has been reported with the advantages of 
accuracy and convenience [17, 18]. Most important 
of all, robot-aided technology can also assist surgeons 
to plan, simulate and correct the trajectory of screws 
intraoperatively [17, 18]. So far, the percutaneous ante-
rior column screw fixation is possibly to be an optimal 
choice for the patients suffering TOAFs, especially with 
transverse and transverse with posterior wall fractures.

The third generation of Chinese manufactured ortho-
pedic robot, TiRobot system, has been applied in our 
institution. Consequently, patients suffering TOAFs 
were surgically treated using the K-L approach com-
bined with percutaneous anterograde anterior column 
screw fixation under robotic guidance, compared with 
minimally invasive anterior plate fixation based on the 
K-L approach. The purposes of this study are to analyze 

anterior plate fixation can also be a reliable alternative for TOAFs, with the similar reduction quality and functional 
results.
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the advantages of the K-L approach combined with 
anterior fixation for TOAFs, summarize the key points 
of two methods, and evaluate the clinical and radiologi-
cal results of the two methods for TOAFs.

Patients and methods
Inclusion and exclusion criteria
Inclusion criteria were as follows: (1) TOAFs including 
transverse, transverse with posterior wall and T-shaped 
fractures, (2) patients with TOAFs treated with posterior 
fixation via the K-L approach combined with antero-
grade anterior column screw fixation under robotic guid-
ance, and (3) patients with TOAFs treated with posterior 
fixation via the K-L approach combined with minimally 
invasive anterior plate fixation. Exclusion criteria were as 
follows: (1) the concomitant ipsilateral femoral head frac-
tures, (2) ipsilateral hip dysfunction or deformity existed 
in the past, (3) premature or pathological fractures, (4) 
acetabular fractures with obvious callus formation, and 
(5) the follow-up time was less than 12 months.

We retrospectively analyzed all patients with TOAFs 
treated in our department from October 2013 to March 
2020. According to inclusion and exclusion criteria, 29 
patients with TOAFs were identified and divided into 
two groups: the group of posterior fixation via the K-L 
approach combined with anterograde anterior column 

screw fixation under robotic guidance (group A) and the 
group of posterior fixation via the K-L approach com-
bined with minimally invasive anterior plate fixation 
(group B). 

Surgical Equipment and Instrument
The TiRobot system, the third generation TianJi robot 
for orthopaedic surgery (TINAVI Medical Technologies, 
Beijing, China), is composed of a main console with sur-
gical planning and controlling software, an optical track-
ing system, and a robotic arm with six-axis-arm carrying 
a navigation and positioning toolkit (Fig. 1a). Additional 
surgical equipment includes a C-arm machine (Siemens, 
Germany).

Surgical technique
Preoperative management
According to the advanced trauma life support (ATLS) 
guidelines, initial stabilization of vital signs was urgently 
performed after hospital admission. Resuscitation with 
fluid and blood transfusion in the emergency depart-
ment was undertaken if necessary. Posterior hip dislo-
cations were promptly reduced with closed technique 
after hemodynamic stabilities. Ipsilateral skeletal trac-
tions were performed in all patients to maintain the 

Fig. 1 Auxiliary operation process of the TiRobot orthopedic robot. a The TiRobot orthopedic robot system; b The navigation tracker is fixed on 
the ipsilateral ASIS; c ten positioning points on the locator are shown in the view; d The simulation of screw placement; e The sleeve carried by the 
robotic arm is located at the target area; F The guiding wire is being drilled into the anterior column corridor along the sleeve
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stabilization of the affected hip joint. Preoperative radi-
ographs and computed tomography (CT) scans were 
routinely acquired. Once the patient’s physiological con-
dition was stable, definitive surgeries were performed.

Surgical procedures
Intravenous antibiotics were administered within 30 min 
of the skin incisions. Following administration of general 
anesthesia, cleaning and draping of the affected lower 
extremity and pelvic area were completed in the floating 
position on a radiolucent table. All surgical procedures 
were performed by the same surgical team with sufficient 
experience.

The first part of the acetabular fracture management 
was similar in almost all the patients with a standard 
K-L approach in the lateral position. The posterior col-
umn and posterior wall fractures were exposed under 
direct vision, together with palpation of the anterior frac-
tures through the greater sciatic notch. The hematoma, 
embedded soft tissue and bone callus at the fracture 
site were removed to expose the primary fracture ends. 
Manual traction of the affected lower limb makes it eas-
ier for the surgeon to remove the isolated fragments in 
the articular cavity. A φ6-mm threaded pin was drilled 
into the ischial tuberosity and a φ4.5-mm screw was 
respectively inserted into both sides of the fracture end. 
Then we connected the threaded pin with a “T” handle 
as a “joy stick” to correct the rotational displacement of 
the quadrilateral surface and used a Jungbluth clamp to 
eliminate fracture gaps by gripping the reduction screw 
heads simultaneously, ensuring the anatomical reduc-
tion of both columns. If necessary, angled forceps can 
be applied to clamp the quadrilateral surface or even the 
anterior column through the greater sciatic notch. After 
posterior column component had been fixed with Kirsh-
ner wires temporarily, the femoral head was utilized as a 
template for the further reduction of the posterior wall 
fracture. Cancellous autograft bone harvested from the 
greater trochanter or allograft bone needs to be used if 
the acetabular fracture is associated with compression of 
articular surface. Once anatomical reduction and con-
gruence were achieved, the posterior column and pos-
terior wall fractures were fixed with one or two 3.5 mm 
pre-contoured reconstruction plates. Next, the anterior 
column involved by transverse fracture line was managed 
with different methods as follows.

For patients in group A, anterograde anterior column 
screw fixation was performed under robotic guidance. 
Due to difficulties of achieving standard fluoroscopic 
views in the lateral position, the supine position can be 
selected to facilitate the manipulation of screw inser-
tion. A navigation tracker was fixed into ipsilateral ante-
rior superior iliac spine (ASIS) percutaneously (Fig. 1b). 

After a sterile working environment for the robotic arm 
had been established by covering disposable plastic coat, 
the locator was assembled and connected with the end of 
the robotic arm. Next, fluoroscopic pelvic images taken 
by C-arm machine (anteroposterior, iliac oblique, and 
obturator oblique views) were obtained. After all the 
ten positioning points on the locator were shown in the 
views, the images were transmitted to the main console 
(Fig. 1c). Then, the length, angulation and direction of an 
anterograde anterior column screw were planned and the 
simulation of screw placement was evaluated (Fig.  1d). 
Once the command is given, the robotic arm would move 
to the target area according to the planned trajectory 
outside the body (Fig. 1e). When the sleeve arrived at the 
planned entry point through a 1 cm incision, the screw 
trajectory was recalibrated. At that moment, what the 
surgeon needed to do was to drill the guiding wire along 
the sleeve instead of looking for the accurate entry point 
repeatedly under the C-arm machine (Fig.  1f ). In this 
process, the robot can monitor the needle in real time. 
Finally, anterior column lag screw fixation was performed 
using a φ6.5-mm partially threaded cannulated screw 
to eliminate the anterior fracture gap. After fixation, 
we flexed and rotated the hip joint to check the fixation 
stability of the fracture and determine if there was fric-
tion or snapping in the joint. In the end, anteroposterior, 
inlet and obturator outlet radiographic views were taken 
to confirm that the cannulated screw was completely in 
the bony corridor and didn’t penetrate into the hip joint. 
If there were only gap without step and rotation of the 
anterior column fracture, percutaneous anterior column 
screw fixation can be inserted prior to posterior fixation 
(Fig. 2a, b).

For patients in group B, the following procedures must 
be performed in the supine position. Two small anterior 
incisions, a medial one and a lateral one, were made for 
the plating insertion and fixation. The medial incision, 
length of 3 to 4 cm, was made along the ipsilateral supe-
rior pubic ramus. The spermatic cords in male patients 
or round ligaments of the uterus in female patients were 
protected (Fig.  3a). Deep fascia was separated under-
neath the inguinal ligament, and the external iliac blood 
vessels were palpated and distracted laterally to prevent 
iatrogenic injuries. The pectineal muscle was detached 
to expose the superior ramus of the pubis. The lateral 
incision, length of 4 to 5 cm, was centered on the ante-
rior superior iliac spine and curved along the iliac crest. 
Lateral femoral cutaneous nerve must be identified and 
protected. Then origins of abdominal muscle at iliac 
internal crest were sharply detached. With hip flexion 
at about 60°, further blunt subperiosteal elevation of the 
iliopsoas and neurovascular bundle was performed with 
a periosteal detacher through the two incisions, creating 
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a subperiosteal tunnel. A 3.5 mm 12 holes pre-contoured 
reconstruction plate was inserted along the prepared 
subperiosteal tunnel from the lateral incision and placed 
on the superior part of the ramus to enable screw place-
ment towards the ischiopubic rami. Laterally, the plate 
was close to the anterior superior and inferior iliac 
spine (Fig. 3b). Several reduction tools such as ball spike 
pusher were necessarily used in increasing direct contact 
between the plate and the bone. Initially three screws 
through medial holes were fixed, and then the plate was 
distracted laterally as much as possible by holding the 
end of the plate and anterior superior iliac spine with for-
ceps. A lag screw was applied through a lateral hole of the 
plate to eliminate the anterior fracture gap, followed with 
the other two screws fixed through the other two lateral 
holes of the plate, which can provide enough stabilization 
for anterior part of the transverse fracture. After reduc-
tion was verified using the C-arm fluoroscopy, the wound 
was subsequently rinsed and sutured (Fig. 3c).

Postoperative management and follow‑up
Postoperatively, antibiotic therapy was administered rou-
tinely for 24 h, and negative pressure drainage was used 
for 24 to 48 h. Mechanical and medication prophylaxis 

against venous thrombus embolism (VTE) was applied 
from the first day after surgery until patient discharge. 
Patients began a gradual improvement of hip passive 
range-of-motion and quadriceps and gluteus muscles 
strengthening exercises once the drain was removed. 
Gradually, active range-of-motion exercises of the 
affected hip were encouraged and partial weight-bearing 
with crutches was maintained at least 6–8 weeks. Full 
weight-bearing was permitted only 3 months postopera-
tively when radiographs demonstrated union as evident 
by callus formation.

Radiographic evaluation of fracture reduction was per-
formed for each patient instantly after surgery with the 
Matta’s radiological criteria by measuring the residual 
displacements on the postoperative radiographs [8]. The 
highest of the three values was used for grading accord-
ing to one of the three categories: anatomic reduc-
tion (0–1 mm of displacement), imperfect reduction 
(2–3 mm), and poor reduction (> 3 mm). Patients were 
followed up at the outpatient department with stand-
ard radiographs every month until the acetabular frac-
tures heal. At the final follow-up, clinical results of the 
affected hips were investigated with the modified Postel 
Merle D’Aubigné score system [8, 19], which was mainly 

Fig. 2 The compression effect of anterior column screw fixation; a An obvious fracture gap at the anterior column; b The gap disappearing after 
anterior column screw fixation

Fig. 3 Minimally invasive anterior plate fixation; a Protection of the spermatic cord in the medial incision; b Plate insertion and fixation; c Anterior 
sutured incisions
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evaluated from three aspects, including pain, walking, 
and range of activity. The scores were categorized as 
excellent (18 points), good (15–17 points), fair (13–14 
points), or poor (<13 points). According to Brooker clas-
sification system [20], the formation of heterotopic ossifi-
cation was recorded and subdivided into four categories 
(grades I, II, III, and IV).

Statistical analysis
Data analysis was performed by using SPSS20.0 statisti-
cal software (SPSS Inc., Chicago, IL, USA). Quantitative 
data were expressed as mean ± standard deviation (SD) 
and were compared using the Student t-test. Categoric 
variables were compared using the Pearson X2 test. The 
P-value was set <0.05, which was considered statistically 
significant.

Results
In total, 29 patients with TOAFs, including 12 patients 
in group A and 17 patients in group B, were assessed 
for study eligibility. There were similarities in age, gen-
der, classification, posterior hip dislocation, sciatic nerve 
injury, preoperative time and follow-up time, with no 
statistical differences between the two groups on patient 
characteristics (Table 1).

The mean surgical time of anterior fracture fixation 
was 18.7 ±  4.6 min in group A and 33.4 ±  5.0 min in 
group B. The amount of intraoperative blood loss was 
615.6 ± 178.7 ml in group A and 719.3 ± 199.0 ml in 
group B. The significant differences were revealed on 
above values (P  < 0.001) (Table  2). According to the 
comparison of incision length for anterior fracture 
fixation, the average incision length in group A was 
9.0 ± 1.8 mm which was only for anterior column screw 
insertion, while that in group B was 81.2 ± 7.3 mm 
which was the sum of internal and lateral incision 
length for anterior plate fixation. There was significant 
difference between the two groups (P  < 0.001). Due to 
the guidance of robotic navigation, anterior column 
screws that were inserted percutaneously in group A 
were exposed to radiation with an average of 16 ± 3.5 
times (range, 12–23 times) intraoperatively. However, 
fluoroscopy was not performed frequently in group B 
due to the application of anterior column plates. The 
mean hospital stay in group A with 14.0 ± 3.6 days 
compared to that in group B with 14.2 ± 2.9 days with 
no statistical difference (P = 0.419). All patients dem-
onstrated radiological and clinical bony union within 
2–6 months after surgery. The acetabular fractures 
healed with an average time of 3.4 ± 0.9 months in 

Table 1 Patient characteristics of the two groups

t, Independent t test; X2, Chi-square test; M ± SD, mean ± standard deviation; n, patient number

Patient characteristics Group A
(n = 12)

Group B
(n = 17)

Test value P value

Age (year), M ± SD 37.9 ± 12.3 38.8 ± 8.6 t = −0.219 0.828

Gender, n(%) X2 = 0.012 0.913

 Male 8 (66.7%) 11 (64.7%)

 Female 4 (33.3%) 6 (35.3%)

Mechanism of injury X2 = 1.661 0.436

 Traffic injury 8 (66.7%) 11 (64.7%)

 Fall injury 1 (8.3%) 2 (11.8%)

 Crush injury 3 (25.0%) 4 (23.5%)

Letoural &Judet classification, n(%) X2 = 0.024 0.988

 Transverse 4 (33.3%) 6 (66.7%)

 Transverse and posterior wall 6 (50.0%) 8 (47.1%)

 T‑shaped 2 (16.7%) 3 (17.6%)

Posterior hip dislocation, n(%) X2 = 0.024 0.876

 Yes 6 (50.0%) 8 (47.1%)

 No 6 (50.0%) 9 (52.9%)

Sciatic nerve injury, n(%) X2 = 0.062 0.804

 Yes 1 (8.3%) 2 (11.8%)

 No 11 (91.7%) 16 (88.2%)

Preoperative time (day), M ± SD 6.6 ± 5.1 6.2 ± 4.0 t = 0.240 0.812

Follow‑up time 14.7 ± 3.8 16.5 ± 3.7 t = −1.267 0.216
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group A and 3.5 ± 1.0 months in group B, respectively 
(P = 0.769).

The imaging and clinical results
The series of standard radiographs and CT scans of 
the pelvis were acquired in one week after surgery. The 
results revealed that all the affected hip joints treated 
with surgery achieved congruence, and the iliopectineal 
and ilioischial lines recovered the continuity. According 
to the criteria of reduction quality described by Matta, 
group A had 10 patients with anatomic reduction and 2 
with imperfect reduction, compared to 14 patients with 
anatomic reduction, 2 patients with imperfect reduction 
and 1 patient with poor reduction in group B (P = 0.661). 
The maximal residual displacement was a gap with 4 mm 
at the anterior column, which was shown on the postop-
erative CT scans, belonging to poor reduction. None of 
the screws penetrated into the hip joint. All of the cannu-
lated screws were located in the bony corridor of anterior 
column, with the mean screw length of 111.3 ± 15.3 cm 
(range, 85-135 mm).

According to the modified Postel Merle D’Aubigne 
score system [8, 19], functional outcomes achieved in 
group A (excellent in 8 (66.7%) patients, good in 3 (25%) 
patients, and fair in 1 (8.3%) patient) were similar to that 
in group B (excellent in 11 (64.7%) patients, good in 5 
(29.4%) patients, fair in 1 (5.9%) patient) at the final fol-
low-up, with no statistical differences (P = 0.944).

Complications
There was no iatrogenic neurovascular damage intraop-
eratively. No infection and incision-related complications 
occurred in all patients. At the final follow-up, none of 
the patients had hardware failure, post-traumatic osteo-
arthritis or avascular necrosis of the affected femoral 
head. Three patients with traumatic sciatic nerve inju-
ries (1 patient in group A and 2 patients in group B) were 
found to have continuous nerves during exploration, 
and recovered completely after taking oral neurotrophic 
medicine 3–6 months. Numbness in the anterolateral 
thigh skin was identified in 1 patient (group B) due to the 
intraoperative distraction of lateral femoral cutaneous 
nerve, and recovered in 6 months after surgery without 
any medication. One patient in group B complained of 
groin discomfort in the area of anterior plating, and the 
symptom faded away after fracture healing and removal 
of the implant. Heterotopic ossification occurred in 3 
patients at the final follow-up (1 patient of grade II in 
group A and 2 patients of grade I in group B) (Fig. 4a-c).

Case studies are illustrated in Figs. 5 and 6.

Discussion
The K-L approach is always recommended in the treat-
ment of acetabular transverse with or without posterior 
wall fractures [2–5]. Anatomic reduction of the posterior 
fractures can be achieved intraoperatively under direct 
vision, and the gap or step at the anterior column and 
quadrilateral surface are also allowed to palpate through 

Table 2 Perioperative clinical indicators of the two groups

t, Independent t-test; X2, Chi-square test; M ± SD, mean ± standard deviation; n, patient number

Patient characteristics Group A Group B Test value P value

Surgical time of the anterior column fracture (min), M ± SD 18.7 ± 4.6 33.4 ± 5.0 t = −8.117 <0.001

Blood loss (ml), M ± SD 615.6 ± 178.7 719.3 ± 199.0 t = −35.309 <0.001

Incision length for anterior fixation (mm), M ± SD 9.0 ± 1.8 81.2 ± 7.3 t = −100.339 <0.001

Reduction quality, n(%) X2 = 0.829 0.661

 Anatomic reduction 10 (83.3%) 14 (82.4%)

 Imperfect reduction 2 (16.7%) 2 (11.8%)

 Poor reduction 0 1 (5.9%)

Complications, n(%) X2 = 0.514 0.773

 Lateral femoral cutaneous nerve palsy 0 1

 Heterotopic ossification 1 2

 Groin discomfort 0 1

 Total rate 1 (8.3%) 4 (23.5%)

Hospital stay (day), M ± SD 14.0 ± 3.6 14.2 ± 2.9 t = −0.814 0.416

Healing time (month), M ± SD 3.4 ± 0.9 3.5 ± 1.0 t = −0.294 0.769

Modified Postel Merle D’Aubigne score X2 = 0.115 0.944

 Excellent 8 (66.7%) 11 (64.7%)

 Good 3 (25.0%) 5 (29.4%)

 Fair 1 (8.3%) 1 (5.9%)
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the greater sciatic notch. Therefore, the anterior fractures 
are possibly reduced by using pelvic reduction tools via 
the K-L approach. However, every TOAF has a differ-
ent personality, and in some situations achieving sta-
ble fixation of anterior column fracture through a single 

posterior approach might not be feasible, especially for 
the T-shaped fractures. No matter which position is cho-
sen, the anterior column fracture gap with the mean of 
1.3–2.1 mm usually exists in transverse acetabular frac-
tures after posterior reduction via a single K-L approach 

Fig. 4 The complication of heterotopic ossification in one case. a An isolated fragment is located at the lateral side of the femoral head (red arrow). 
b A postoperative radiograph shows that the fragment was not removed (red arrow). c An antero‑posterior view shows heterotopic ossification 
with grade II at the affected hip joint at one‑year follow‑up

Fig. 5 Male, 39‑year‑old, car accident, a T‑shaped acetabular fracture associated with posterior wall fracture, treated with the K‑L approach 
combined with percutaneous anterior column screw fixation under robotic guidance. a Preoperative X‑ray antero‑posterior image shows an 
acetabular fracture associated with femoral head dislocation. b‑d 3D CT images of a acetabula show a T‑shaped acetabular fracture associated with 
the communicated posterior wall. e, f Intraoperative images reveal anatomic reduction of the acetabular fracture. g A postoperative axial image of 
the anterior column demonstrates the screw is located at the bony corridor. h‑g, 3D CT images show anatomic reduction of the acetabular fracture. 
k The antero‑posterior X‑ray image three months after surgery shows fracture healing
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[9, 10]. Additionally, simple posterior plate fixation prob-
ably leads to opening of the anterior fracture line due to 
insufficient pre-contouring of the plate. Consequently, 
it’s critical to reduce and fix the double-column fractures 
simultaneously. In a series of transverse acetabular frac-
ture models created with the synthetic hemipelvis, the 
biomechanical study has proved that an anterior column 
lag screw with posterior plate fixation provided signifi-
cantly stiffer fixation when residual displacement of ante-
rior column was assessed [14]. Using the finite element 
analysis method, the results of testing the biomechani-
cal properties of transverse acetabular fractures with 

different fixation even showed that the posterior plate 
with an anterior column lag screw was superior to dou-
ble-column plating [21].

Because the entry point of the antegrade anterior col-
umn screw is located at the tilt iliac external crest, the 
guiding wire is relatively difficult to be inserted accu-
rately. In contrast, the entry point of the retrograde 
anterior column screw is easier to be positioned, but the 
working length sometimes is unreasonable due to the 
position of transverse fracture line. Consequently, the 
retrograde anterior column screws aren’t suitable for the 
fixation of transverse acetabular fractures. Some recent 

Fig. 6 Male, 44‑year‑old, car accident, a transverse and posterior wall acetabular fracture, treated with posterior plate fixaiton via the K‑L approach 
combined with minimally invasive anterior plate fixation. a Antero‑posterior pelvic X‑ray shows an acetabular fracture associated with femoral head 
dislocation. b‑d 3D CT images show a transverse and posterior wall acetabular fracture. e Intraoperative views reveal the screws didn’t penetrate 
into the hip joint. f‑j Postoperative 3D CT images reveal satisfactory reduction and fixation of the acetabular fracture. k The postoperative X‑ray 
antero‑posterior image at 3 months demonstrate that the fracture healing is achieved
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studies reported that percutaneous fixation with surgi-
cal navigation is increasingly minimally invasive and safe 
[17, 18, 22]. Robot-aided orthopedic surgery has recently 
emerged as a more viable tool to enable higher precision 
surgery, as well as saving surgical time [17, 18]. In certain 
situations, the available corridor of the anterior column 
can interfere with the screws that were fixed along with 
posterior plates, resulting in insufficient space for the 
cannulated screw. Therefore, accurate surgical planning 
should be carried out, otherwise the position of posterior 
plates or screws has to be adjusted.

In this study, compared with the minimally invasive 
anterior plate fixation, percutaneous anterior column 
screw fixation has the advantages of short operation 
time, less invasiveness and fewer complications, although 
similar imaging and clinical effects can be achieved. 
Anatomic findings showed that the whole anterior col-
umn in male can accommodate a φ6.5-mm cannu-
lated screw very well, while it doesn’t fit all the females 
unless shorter lag screws were chosen [23]. We did find 
some female patients with the narrow anterior column, 
in whom not only the entry points but also the direc-
tions had to be planned accurately. All of the cannulated 
screws were located in the bony corridor of anterior col-
umn with robotic assistance, and the mean screw length 
was 111.3 ± 15.3 cm (range, 85-135 mm). The reason why 
the results are different with those in the literature is that 
the guide wire is flexible and the cannulated screw can be 
inserted like an intramedullary nail. If anterior column 
screw fixation cannot be successfully performed with 
free-hand technique, anterior plate fixation is an alter-
native method for the treatment of TOAFs. Although 
the anterior column fracture can be exposed clearly via 
an anterior approach, such as ilioinguinal, stoppa, or 
para-rectus approach, extensive soft tissue dissection is 
inevitable. The key to minimally invasive anterior plate 
fixation used in this study is to establish a subperiosteal 
tunnel between the medial and lateral windows, and 
insert a reconstruction locking plate based on limited 
exposure, to avoid iatrogenic damage, decrease surgical 
time and reduce intraoperative blood loss. Additionally, 
another bullet point is to achieve a pre-contoured plate 
according to the anatomical morphology of the anterior 
pelvic ring, which can reduce the irritation of the plate to 
the anterior femoral nerve and vascular bundle. The fol-
lowing procedures are to compress and stabilize the ante-
rior fracture with screw fixation, with the consequence of 
eliminating the fracture gap. According to the results we 
summarized, minimally invasive anterior plate fixation is 
slightly better than screw fixation in correcting the ante-
rior step displacement after posterior fixation. If there are 
only limited gap without step at the anterior fracture site, 

percutaneous anterior column screw fixation has obvi-
ous advantage on eliminating the fracture gap and can be 
inserted first.

Since 2000, Mears [24] and Gansslen [25] have 
reported an excellent reduction rate of 75% (41/55) and 
76% (79/104) for the acetabular transverse with posterior 
wall fractures, respectively. In comparison, the overall 
excellent reduction rates in this study were 83.3% (10/12) 
in group A and 82.4% (14/17). The reason why the excel-
lent reduction rates were significantly higher than those 
reported in literature was that almost all the transverse 
with or without posterior wall acetabular fractures have 
achieved anatomic reduction. However, if we recalcu-
late the excellent reduction rate of complicated TOAFs, 
T-shaped fractures, it will certainly decrease. Of note, 
the single K-L approach was used completely in group A, 
which was much higher than Mears [24] with 77% and 
Gansslen [24] with 90%. The results also indirectly veri-
fied the importance of robot navigation that we used in 
this study.

Admittedly, appropriate indications should be delib-
erated in treating the complicated TOAFs. If anterior 
fracture gap were filled with obvious bone callus, it’s 
challenging for surgeons to deal with via a single K-L 
approach. In comparison, T-shaped acetabular fractures 
are more intractable to reduce via the K-L approach due 
to the separation of both-column, consequently with the 
lower excellent rate and functional outcomes than the 
other transverse-oriented fractures. If the residual gap or 
step of the anterior column is over 1 cm after the reduc-
tion and fixation of the posterior portion fractures, it is 
often inevitable to combine the anterior approach for 
further management [7].

Additionally, there are still some limitations in this 
study. The findings may be limited by the small number 
of patients and a relatively short follow-up time, which 
may decrease the persuasiveness of the study. Addition-
ally, we did not investigate other important factors that 
may influence the reduction quality of the acetabu-
lar fracture, such as bone mineral density (BMD). Also, 
robot-aided orthopedic surgery has not been popular-
ized in most medical institutions due to the lack of cor-
responding equipment.

Conclusion
It is reasonable to suggest that TOAFs can be managed 
by posterior fixation via the K-L approach combined 
with robot-aided anterior column screw fixation if pos-
sible. Compared with minimally invasive anterior plate 
fixation, robot-aided anterior column screw fixation 
provided the similar reduction and function results, 
whereas it has significant advantages in surgical time, 
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intraoperative blood loss and invasiveness. Minimally 
invasive anterior fixation can be an alternative choice for 
the treatment of TOAFs if the robot system is lacking or 
a percutaneous anterior column screw is not allowed due 
to the inappropriate corridor.

Acknowledgements
Not applicable.

Authors’ contributions
Jia J made substantial contributions to perform the surgery, revised the manu‑
script and approved the final version of the article. Zhao‑jie Liu assisted to 
perform the surgery and design the manuscript. Ya Gu participated in collect‑
ing the data and made the statistical analysis. All authors read and approved 
the final manuscript.

Funding
There is no external funding source.

Availability of data and materials
The datasets analyzed during the current study are available from the cor‑
responding author on reasonable request.

Ethics approval and consent to participate
This retrospective study was approved by the Ethics Committee of Tianjin Hos‑
pital and signed written informed consent was obtained from all participants. 
We confirm that all methods were performed in accordance with the relevant 
guidelines and regulations.

Consent for publication
All patients gave written informed consent for publication.

Competing interests
There are no competing interests to declare.

Received: 18 September 2021   Accepted: 6 April 2022

References
 1. Letournel E, Judet R. Fractures of the Acetabulum. 2nd ed. New York: 

Springer‑Verlag; 1993. p. 363–97.
 2. Giannoudis PV, Grotz MRW, Papakostidis C, Dinopoulos H. Operative 

treatment of displaced fractures of the acetabulum. A meta‑analysis. J 
Bone Joint Surg Br. 2005;87(1):2–9. https:// doi. org/ 10. 2106/ JBJS.D. 02779.

 3. Madhu R, Kotnis R, Al‑Mousawi A, Barlow N, Deo S, Worlock P, et al. Out‑
come of surgery for reconstruction of fractures of the acetabulum. The 
time dependant effect of delay. J Bone Joint Surg Br. 2006;88(9):1197–
2003. https:// doi. org/ 10. 1302/ 0301‑ 620X. 88B9. 17588.

 4. Briffa N, Pearce R, Hill A, Bircher M. Outcomes of acetabular fracture 
fixation with ten years’ follow‑up. J Bone Joint Surg Br. 2011;93(2):229–36. 
https:// doi. org/ 10. 1302/ 0301‑ 620X. 93B2. 24056.

 5. Giordano V, do Amaral NP, Pallottino A, Albuquerque RP, Franklin CE, 
Labronici PJ. Operative treatment of transverse acetabular fractures: is 
it really necessary to fix both columns? Int J Med Sci. 2009;6(4):192–9. 
https:// doi. org/ 10. 7150/ ijms.6. 192.

 6. Alexa O, Malancea RI, Puha B, Lunca S, Veliceasa. Results of surgical 
treatment of acetabular fractures using Kocher‑Langenbeck approach. 
Chirurgia (Bucur). 2013;108:879–85.

 7. Bogdan Y, Dwivedi S, Tornetta P. A surgical approach algorithm for trans‑
verse posterior wall fractures aids in reduction quality. Clin Orthop Relat 
Res. 2014;472(11):3338–44. https:// doi. org/ 10. 1007/ s11999‑ 014‑ 3634‑6.

 8. Matta JM. Fractures of the acetabulum: accuracy of reduction and clinical 
results in patients managed operatively within 3 weeks after the injury. 
J Bone Joint Surg Am. 1996;78:1632–45. https:// doi. org/ 10. 1055/s‑ 0030‑ 
12670 77.

 9. Negrin LL, Seligson D. The Kocher‑Langenbeck approach: Differences in 
outcome of transverse acetabular fractures depending on the patient’s 

position. Eur J Trauma Emerg Surg. 2010;36(4):369–74. https:// doi. org/ 10. 
1007/ s00068‑ 009‑ 9081‑5.

 10. Collinge C, Archdeacon M, Sagi HC. Quality of radiographic reduction and 
perioperative complications for transverse acetabular fractures treated by 
the Kocher‑Langenbeck approach: prone versus lateral position. J Orthop 
Trauma. 2011;25(9):538–42. https:// doi. org/ 10. 1097/ BOT. 0b013 e3182 
0b913d.

 11. Jang JH, Moon NH, Rhee SJ, Jung SJ, Ahn TY. Surgical outcomes of 
transverse acetabular fractures and risk factors for poor outcomes. 
BMC Musculoskelet Disord. 2021;22(1):222. https:// doi. org/ 10. 1186/ 
s12891‑ 021‑ 04082‑2.

 12. Hu T, Xu HT, Jiang CL, Ren GL, An ZQ. Treatment of transverse with or 
without posterior wall fractures of acetabulum using a modified Smith‑
Petersen combined with Kocher‑Langenbeck approach. Med Sci Monit. 
2017;23:2765–74. https:// doi. org/ 10. 12659/ msm. 901966.

 13. Thomas KA, Vrahas MS, Noble JW Jr, Bearden CM, Reid JS. Evaluation of 
hip stability after simulated transverse acetabular fractures. Clin Orthop 
Rel Res. 1997;340:244–56. https:// doi. org/ 10. 1097/ 00003 086‑ 19970 
7000‑ 00032.

 14. Shazar N, Brumback RJ, Novak VP, Belkoff SM. Biomechanical evalua‑
tion of transverse acetabular fracture fixation. Clin Orthop Relat Res. 
1998;352:215–22. https:// doi. org/ 10. 1097/ 00003 086‑ 19980 7000‑ 00025.

 15. Vrahas MS, Widding KK, Thomas KA. The effects of simulated transverse, 
anterior column, and posterior column fractures of the acetabulum on 
the stability of the hip joint. J Bone Joint Surg Am. 1999;81(7):966–74. 
https:// doi. org/ 10. 2106/ 00004 623‑ 19990 7000‑ 00009.

 16. Quang HL, Schmoelz W, Lindtner RA, Schwendinger P, Blauth M, Krap‑
pinger D. Biomechanical comparison of fixation techniques for transverse 
acetabular fractures‑single‑leg stance vs. sit‑to‑stand loading. Injury. 
2020;51(10):2158–64. https:// doi. org/ 10. 1016/j. injury. 2020. 07. 008.

 17. Liu Z, Gu Y, Jin X, Tian W, Qi H, Sun Y, et al. Comparison of Outcomes Fol‑
lowing TiRobot‑Assisted Sacroiliac Screw Fixation with Bone Grafting and 
Traditional Screw Fixation without Bone Grafting for Unstable Osteoporo‑
tic Sacral Fracture: A Single‑Center Retrospective Study of 33 Patients. 
Med Sci Monit. 2021;27:e932724. https:// doi. org/ 10. 12659/ MSM. 932724.

 18. Liu ZJ, Hu YC, Tian W, Jin X, Qi HT, Sun YX, et al. Robot‑aided minimally 
invasive lumbopelvic fixation in treatment of traumatic spinopelvic 
dissociation. Orthop Surg. 2021;13(2):563–72. https:// doi. org/ 10. 1111/ os. 
12908.

 19. D’Aubigne RM, PosteL M. Functional results of hip arthroplasty with 
acrylic prosthesis. J Bone Joint Surg Am. 1954;36(3):451–75.

 20. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossification 
following total hip replacement. Incidence and a method of classification. 
J Bone Joint Surg Am. 1973;55:1629–32.

 21. Pei BQ, Mu J, Li H, Li DY, Wang YH. Finite element analysis of acetabular 
transverse fracture reconstruction treated with different internal fixation 
methods. 2010 International Conference on Optoelectronic and Image 
Process (ICOIP). 2010;1:557–60. https:// doi. org/ 10. 1109/ ICOIP. 2010. 285.

 22. Ciolli G, Caviglia D, Vitiello C, Lucchesi S, Pinelli C, Mauro DD, et al. Navi‑
gated percutaneous screw fixation of the pelvis with O‑arm 2: two years’ 
experience. Med Glas (Zenica). 2021;18(1):309–15. https:// doi. org/ 10. 
17392/ 1326‑ 21.

 23. Chen KN, Wang G, Cao GL, Zhang MC. Differences of percutaneous ret‑
rograde screw fixation of anterior column acetabular fractures between 
male and female: a study of 164 virtual three‑dimensional models. Injury. 
2009;40(10):1067–72. https:// doi. org/ 10. 1016/j. injury. 2009. 01. 014.

 24. Mears DC, Velyvis JH, Chang CP. Displaced acetabular fractures managed 
operatively: indicators of outcome. Clin Orthop Relat Res. 2003;407:173–
86. https:// doi. org/ 10. 1097/ 00003 086‑ 20030 2000‑ 00026.

 25. Gänsslen A, Hildebrand F, Cretek C. Transverse + posterior wall fractures 
of the acetabulum: epidemiology, operative management and long‑term 
results. Acta Chir Orthop Traumatol Cechoslov. 2013;80(1):27–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.2106/JBJS.D.02779
https://doi.org/10.1302/0301-620X.88B9.17588
https://doi.org/10.1302/0301-620X.93B2.24056
https://doi.org/10.7150/ijms.6.192
https://doi.org/10.1007/s11999-014-3634-6
https://doi.org/10.1055/s-0030-1267077
https://doi.org/10.1055/s-0030-1267077
https://doi.org/10.1007/s00068-009-9081-5
https://doi.org/10.1007/s00068-009-9081-5
https://doi.org/10.1097/BOT.0b013e31820b913d
https://doi.org/10.1097/BOT.0b013e31820b913d
https://doi.org/10.1186/s12891-021-04082-2
https://doi.org/10.1186/s12891-021-04082-2
https://doi.org/10.12659/msm.901966
https://doi.org/10.1097/00003086-199707000-00032
https://doi.org/10.1097/00003086-199707000-00032
https://doi.org/10.1097/00003086-199807000-00025
https://doi.org/10.2106/00004623-199907000-00009
https://doi.org/10.1016/j.injury.2020.07.008
https://doi.org/10.12659/MSM.932724
https://doi.org/10.1111/os.12908
https://doi.org/10.1111/os.12908
https://doi.org/10.1109/ICOIP.2010.285
https://doi.org/10.17392/1326-21
https://doi.org/10.17392/1326-21
https://doi.org/10.1016/j.injury.2009.01.014
https://doi.org/10.1097/00003086-200302000-00026

	The Kocher-Langenbeck approach combined with robot-aided percutaneous anterior column screw fixation for transverse-oriented acetabular fractures: a retrospective study
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Inclusion and exclusion criteria
	Surgical Equipment and Instrument
	Surgical technique
	Preoperative management
	Surgical procedures

	Postoperative management and follow-up
	Statistical analysis

	Results
	The imaging and clinical results
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References


