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Abstract

Objective: This study is to evaluate the feasibility and efficacy of modified Kloen approach 
for the treatment of acetabular fractures through lateral window exposure beneath fascia 
iliaca with superior ramus of pubis exposure by internal small incision. Method There were 
42 patients of patients suffering acetabular fractures adopted modified Kloen approach 
treatment in The First Affiliated Hospital of Zhengzhou University from January 2012 to 
December 2014. In total, there were 26 male and 16 female, with age ranging 15 - 60 years old, 
mean age of 34.5 years old. The acetabular fractures were classified based on Judet-Letournel, 
following as, 1 case of anterior wall fractures, 18 cases of anterior column fractures, 15 cases 
of transverse fractures, 3 cases of T-shape fractures and 5 cases of both-column fractures. 
In total, 34 cases received the treatment of single modified Kloen approach and 8 cases for 
combined Kocher-Langenbeck approach. Matta radiologicalcriteria was employed to evaluate 
the post operation recovery, and modified D’Aubigne-Postel evaluation system was adopted 
for demonstration of hip joint function condition. Results The mean surgical time was 110 
minutes (90 - 210 minutes); the mean blood loss was 530ml(400-1050ml). There is noincision 
infection, neurovascular traumaor postoperative lymphorrhagia.42 patients cooperated with 
the following up of 11.2 months (6-21 months). The average bone healing time was 13 weeks 
(13-20 weeks). Matta radiological criteria was to evaluate the postoperative fracture quality, 18 
case with excellent recovery, 16 cases with good recovery, 4 cases with normal recovery and 1 
case with bad recovery. Modified D’Aubigne-Postel evaluation was taken 6 months after surgery, 
17 cases with excellent recovery, 22 cases with good recovery, 2 cases with normal recovery and 
1 case with bad recovery. There was no internal fixation loosening, breakage or inguinal hernia, 
while, 1 case for osteonecrosis of the femeral head and traumatic osteoarthritis was given the 
treatment of total hip replacement arthroplasty. Conclusion Themodified Kloen approach was 
anatomically clear, easy to master, and improve iliofemoral vascular activity, expense exposure 
range for restoration and fixation, reduce neurovascular and lymphoid complications. Besides, 
the exposure of articular surface could ensure the condition of restoration quality, and the 
little incision beneath the lacunar ligament could prevent the extensive destruction of canalis 
inguinalis and myopectineal orifice area, and avoid the incidence of postoperative hernia. The 
rehabilitation exercise contributed to the recovery of joint function.

Keywords: Acetabular fractures; surgical procedures; modification

INTRODUCTION*

In 2002, Kloenput forward the modification 
on classical ilioinguinal approach[1-2], with 
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the initial purpose for treating anterior column 
fractures of acetabular anterior wall and low 
part. The limitation from inguinal ligament 
was avoided by the employment of anterior 
superior spine osteotomy. The lateral window 
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exposure was obviously expanded through 
intraoperative operations on hip flexor, while 
the combination of center and internal windows 
exposure was equally fit for general acetabular 
anterior column, transverse fractures and 
other types of fractures[1]. This approach has 
been applied in the treatment of acetabular and 
pelvic fractures since 2010. Through clinical 
observation, the lateral segment delineation 
of Kloen approach was quite obscure and 
difficultly controlled. One-screw adoption on 
osteotomy fixation has the poor stability with 
longer postoperative braking time, going against 
patients’ postoperative rehabilitation exercises. 
For the internal part, the canalis inguinalis still 
required incision while iliofemoral vascular 
required separation, which may resulted with 
vascular trauma and postoperative lymphatic 
leak and hernia. Through autopsy studies, we 
modified this approach and applied it into 
clinic. Our department adopted modified 
Kloen approach in the treatment for 42 cases 
acetabular fractures from Jannauray 2012 to 
December 2014. The satisfactory results were 
achieved and reported as follows.

MATERIAL AND METHOD

General Cases
There were 42 cases of patients,including 26 
cases of male patients and 16 cases of female 
patients. The mean age was 34.5 years old, 
ranging from 15-70 years old. The injury reasons 

were 15 cases in traffic trauma, 24 cases in high 
falling injury, 3 cases in weight crushing. In 
fracture types, there were 1 case for ipsilateral 
femoral neck fracture, 6 cases for multiple rib 
fractures, 1 case for patella fractures, 3 cases 
for craniocerebral injury, 1 case for lumbar 
vertebral fracture. Based on Judet-Letournel 
classification, 1 case was for anterior wall 
fracture, 18 cases for anterior column fracture, 
15 cases for transveres fracture, 3 cases for 
T-shape fracture and 5 cases for both column 
fracture. In total, 34 cases which applied single 
modified Kloen approach, 8 cases applied 
combined Kocher-Langenbeck approach. The 
time to get surgery since got injured was 1 to 
9 days, average 5.5 days. Lag screw and general 
pelvic were utilized in internal fixation to 
reconstruct steel plates.

Surgery Method
Postoperative enema, retention catheterization 
and shaving skin were conducted under supine 
position, with 20 to 30 degree elevation from 
shoulder to hips, in order to assist pelvic organs 
moving towards the uninjured side. The lower 
limbs were disinfected for intraoperative 
convenient movement. Skin incision was made 
along anterolateral iliac crest from the front 
and back of tuberculum iliacum to anterior 
superior spine and then extending about 
5-8cm towards the internal and below part of 
sartorius muscle (Fig. 1a). Superficial fascia 
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separation and iliac crest, anterior superior 
spine and sartorius muscle exposure (Fig. 1b). 
Ilioinguinal and iliohypogastric nerves of the 
upper part and superficial lymph nodes of the 
lower part should be avoided being injured. 
Nervus cutaneus femoris lateralis was firstly 
separated from the lateral border of sartorius 
muscle, with rubber band marks protection. 
Then, attachment sites exposing sartorius 
muscle and inguinal ligament on anterior 
superior spine were separated; osteotomy was 
made for anterior superior spine, with the bone 
size standard of covering the overall sartorius 
muscle starting point and 2-screws reliable 
implantation (Fig. 1c). Towel clips were applied 
by assistants to pull through the internal part 
while the protect role was played by surgeons 
who stretched fingers beneath fascia iliaca 
during this process. Sharp knives were used 
to cling closely to the medial margin of crista 
iliaca to cause the separation offascia iliaca 
and abdominal muscle adhesion. The above 
structures were dragged toward the internal 
part through drag hooks, bring iliopsoas and 
femoral nerves exposure. Hemostasis through 
electrocauterization for branches of circumflex 
iliac profound vessel should be noticed and 
made. Hip joints adduction was made through 
suitable flexion, bringing an internal expansion 
beneath fascia iliaca to sacroiliac joint and lesser 
pelvis margin. For iliac shame bump or squares 
fractures, iliopectineal arch and inguinal 
ligament should be separated at fusion sites 
to furtherly loose iliac blood vessels. Straight 
head of rectus femoris muscle was dragged 
internally or joint capsule was exposed after 
the incision on the position away from anterior 
inferior spine starting point. After conventional 
T-shape incision for joint capsule, femoral 
head was laterally dragged, rotated and moved 
to expose the articular surface of hip joints. 
Restoration under direct view and treatment 
for abnormal changes (such as femoral head 
cartilage injury and bone block dissociation) 
within joints (Fig. 1d) were made. Exclusive 

surgical instruments and restoration skills were 
fully employed to ensure the possible levelling 
of articular surface.

The fractures involving superior ramus of 
pubis or steel plate, the fractured bones should 
be fixed on superior ramus of pubis and 
supplemented by internal incision. Touched by 
the surgeon’s finger, the outer cycle mouth was 
marked and incised for about 2-3cm on lateral 
part. Superior ramus of pubis was touched by 
blunt dissection of superficial fascia to expose 
lacunar ligament and keep its integrity. Bone 
marrow was incised on superior ramus of 
pubis, sneak separated and connected with the 
lateral incision through the fixation by putting 
steel plate (Fig. 1e). 

Wounds were irrigated by normal range sterile 
saline (>3000ml) through impulse. Broken 
skeletal and sludged blood were washed down 
to decrease the possibility of heterotopic 
ossification and infection. Joint capsule, rectus 
femoris (when been cut) and iliopectineal arch 
were sutured. Osteotomy block were fixed 
longitudinally or transversely by steel plate 
according to the stability of iliac ala fractures. 
Femoral fascia and abdominal muscle were 
sutured to occlude wounds. For internal 
incision occlusion, fascia was orthostatic 
sutured or occluded by inferior patching. 
Negative pressure was conventionally set to 
carry out drainage. Both column and T-shape 
fractures were restored and fixed through 
Kocher-Langenbeck approach.

Postoperative Management
Celecoxib tablets were used to relieve 
pain and prevent heterotopic ossification 
until postoperative 6 weeks after 2 days of 
postoperative using analgesic pump. Antibiotic 
was adopted for 3-7 days based on compound 
injury; active systolic-diastolic motion of 
double limbs by wearing anti-rotation shoes 
for immobilization in the first three days after 
operation; CPM application was given after 3 
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days. Deep venous thrombosis was prevented 
through regular air pressure pump and low 
molecular heparin calcium. Affected limb 
motion without weight bearing was made by 
double crutches after half-month postoperative 
taking out stitches; 8 week postoperative part 
limb motion with weight bearing was made. 
Two postoperative reexaminations were made 
after 3 and 6 month respectively. Further 
exercise plan was decided according to the 
reexamination situation.

Postoperative Follow-Up and Therapeutic 
Evaluation Criteria
Patient database was established and regular 
reexamination was conducted by specially-
assigned hospital staff. Conventional 
reexaminations were arranged in the 3rd 
month, 6th month, 12th month and the 2nd 
year. Reexamination were performed in 

hospital once patients felt uncomfortable. 
Matta radiology quality criteria was adopted 
for evaluation the postoperative fracture, and 
modified D’Aubigne-Postel marking system 
was utilized to evaluate hip joint function[3] 

RESULTS

The mean operative time for patients was 
90 minutes (60-160 minutes); the mean 
bleeding volume was 530mL (400-1050mL). 
No incision infection, neurovascular trauma 
nor postoperative lymphorrhagia happened. 
An average 11.2 months (6-21 months) long 
follow-up visit was given to all patients, while 
the average bone healing time was 14 weeks. 
Postoperative restoration quality was evaluated 
by Matta criteria for acetabular fratures:18 
excellent cases, 6 good cases, 4 pretty good 
cases, 2 bad cases were achieved in this study. 

 a b c

d e
Fig. 2



RADS-JPPS Vol 4 (1), June 2016, 62-68

66

According to modified Merle D’Aubigne-
Postel marketing system, hip functions were 
excellent in 17 cases, good in 22 cases, pretty 
good in 2 cases, bad in 1 case in 6 months after 
operation. No internal fixation loosening or 
breakage nor inguinal hernia. 1 case of femoral 
head necrosis and traumatic osteoarthritis and 
was given total hip replacement arthroplasty. 
Typical cases figures were displayed in Fig. 2.

DISCUSSION

Acetabular fracture was intra-articular fractures 
of lower limb weight-bearing joints; Excellent 
efficacy for such fractures majorly depended on 
high-quality restoration and reliable internal 
fixation which required good approach and 
exposure[4].Classical illioinguinal approach 
was performed on inguinal ligament. Due to 
the inguinal ligament limitation, the approach 
could not fully expose hip joint, only the indirect 
restoration was advisable, the separation and 
traction of iliac vein and deep lymphatic tissue 
could easily cause intraoperative vascular injury, 
postoperative arterial-venous thrombosis and 
lymphatic leak. The inguinal canal incision 
increased the possibility of postoperative 
inguinal hernia[1-5]. Ilioinguinal approach 
from Farid was a complete three-window 
exposure beneath inguinal ligament and easily 
cased postoperative neuralgia or sensory 
disability due to the direct lateral femoral 
cutaneous nerve incision during operation; the 
separation of external iliac blood vessels and 
femoral blood vessels beneath inguinal ligament 
could increase the vascular injury risk and 
caused multitype femornal hernia incidence 
due to the destruction on pectineal muscle. 
Kloenapproach adopted anterior superior 
spine osteotomy, relieved inguinal ligament 
limitation, fully exposed low anterior column 
and anterior wall fractures, and significantly 
expanded the exposure range of lateral window 
through intraoperative hip flexor. However, 
lateral description of Kloen approach was quite 
obscure and uneasily to be controlled; one-

screw fixation on bone cutting piece had poor 
stability with longer postoperative breaking 
time, which went against patients’ restoration 
exercises; the inguinal canal incision and 
iliofemoral vascular separation in internal part 
might cause vascular injury and postoperative 
lymphatic leak and hernia. Through the autopsy 
research, the Kloen ilioinguinal approach was 
modified based on the above advantage and 
disadvantage of above method.

Firstly, Kloen described that the surgical 
position was horizontal position, and the 
incision was the lateral of inguinal area, and 
surrounding the iliac spine and downside for 
100 degree and oblique line inside. The above 
description was not easy and accurately to 
understand. The injured side was elevated 20-
30 degree, going sartorius direction, then going 
along with sartorius direction; the elevation 
of injured side was easy to expose the shift 
of pelvic cavity viscera. The natural shift of 
abnominal wall enabled postoperative incision 
have distance from bone, and avoided the scar 
friction. The extruded bone structure and clear 
sartorious was easy to understand and grasp.

Secondly, the construction of inguinal ligament, 
iliopecineal arch and sartorius formed the 
protection and restraint function against 
external iliopsoas, nervus femoralis and internal 
iliofemoral vascular[4]. The intraoperative 
separation removed the constraint function, 
further eased the iliopsoas, nerve and blood 
vessels, greatly expanded the exposure surgical 
area for further convenientant and good 
reduction and fixation. In most cases, the 
separation and traction of blood vessel was 
unnecessary, thereby reduced the complication 
of vascular and lymphatic system.

Thirdly, abdominal muscle had the protective 
effection on the stability of pelvic ring. The 
direct crista iliaca sharp dissection was easy 
to postoperative stitch[10]. As the partial 
attachment points of abdominal muscle, the 
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integrity of inguinal ligament was indispensable 
for the function of abdominal muscle. The 
directly abscission of inguinal ligament could 
cause tear again and tension. The osteotomy 
did not destroy the integrity, easy to restore 
its tension through suture iliopectineal arch, 
cut bone fixation. Steel double cortical screw 
fixation had better effect on single screw 
longitudinal fixation, and helpful for early 
functional function rehabilitation training, 
which was significant for postoperative 
function recovery[11].

Fourthly, the preliminary autopsy demonstrated 
that iliopectineal arch at iliopubic eminence 
was with strong combination, not easy for 
exfoliation[6]. The incision could easily injure 
the iliac artery at inner side, and unable to 
rebuild after stripping, caused the inguinal 
ligament tension. Iliopectineal arch formed a 
angel at the coalesce area of inguinal ligament, 
where was filled by loose connective tissue, easy 
to separate and suture postoperatively.

Fifthly, nervus cutaneus femoris lateralis in 
fossa iliaca spread inside or outside of the fascia 
iliaca, and oblique lining from inside upward 
to outside downward. The integrity of fascia 
iliaca could not heart the nerve[6]. Studies had 
found that lateral cutaneous nerve of variation 
across the iliac crest[12]. Although the previous 
anatomic and clinical surgery did not had this 
variation, the far distant separation and protect 
the nervous could avoid injury.

Sixth, the directly incision of lacunar ligament 
not only could injure the ventral abdominal 
artery and obturator artery, and difficult to 
rebuild its tension when been cut, due to 
the weak at the medium area. Through the 
autopsy, Shiwen Zhu observed that the area 
of anastomosis vascular had a certain activity 
while crossing the pubic area, and supposed 
that upper wall pubic branch was exposed 
in acetabulum fracture surgery, as long as 
the subperiosteal operation was performed, 

it would not easily injure the anastomosis. 
Through preliminary autopsy, the tensity 
structure was detected between lacunar 
ligament and pectineal muscle fascia. The upper 
pubic exposure could keep the integrity of 
lacunar ligament, and detected from pectineal 
muscle fascia. The direct suture fascia could 
be done after slight removal of further distant 
fascia after the steel plate was placed. The fascia 
structure was density to tolerate thread tension 
membrane structure and not easy to tear off. If 
the difficult of stitching was due to the thickness 
of the steel plate restriction, the low repairing 
hernia surgery method should be taken.

Finally, the no incision inguinal ligament 
avoided the postoperative hernia incidence. The 
locally separation of lower area of pubic bone 
muscle could avoid the risk of postoperative 
femoral hernia.

Acetabulum fracture belonged to intra-articular 
fractures. Due to the special three-dimensional 
morphological structure, the indirect reduction 
was difficult to guarantee the smooth surface 
joints. The direct reduction was beneficial to 
the articular surface recovery and articular 
cartilage lesions in the early treatment[14]. the 
reset joint surface under regular joint capsule 
incision could handle the intra-articular lesions, 
as much as possible to ensure quality of reset to 
facilitate the curative effect of future recovery. 
Although there was still a unsatisfactory reset, 
it was related to the particularity of pelvic 
morphology and insufficient reset related skills 
and experience. Further more, the purpose 
of modified approach was to improve the 
exposure effect with minimum injury. The 
combined K-L approach was advised for 
difficulty reveal of T-shaped column and back 
column after fractures[2]. Modified Stoppa 
approach was recommended for quadrilateral 
body fracture related superior to small pelvis or 
fracture requiring scrow fixation from inside to 
outer side area[15].
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