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Background : Anatomic ACL surgery, including dou-
ble bundle ACL reconstruction, has been investigated 
widely. The purpose of this study was to gain insight 
in the currently used surgical management of anteri-
or cruciate ligament injuries amongst Belgian ortho-
paedic surgeons.
Methods : A survey consisting of epidemiological 
questions, ACL surgery related questions and ques-
tions concerning rehabilitation was submitted to all 
members of the Belgian Knee Society.
Results : Anatomic single bundle ACL repair with 
transportal femoral tunnel drilling, using an autolo-
gous hamstring graft fixed with a cortical suspension 
system proximal and an interference screw distal is 
currently the most common technique. The surgery is 
usually performed under general anesthesia with a 
one-night stay in the hospital. Postoperatively a hinge 
brace is mostly used.
Conclusion : Although much research concerning 
double bundle ACL surgery is performed, only few 
surgeons perform this technique. Most surgeons per-
form an anatomic single bundle repair. This is in 
 accordance with the current knowledge regarding 
cost effective care. Performing this procedure in day 
care with the aid of loco-regional anesthesia and 
avoidance of a hinged brace can help to reduce the 
cost for the healthcare system without compromising 
the outcome. 

Keywords : anterior cruciate ligament ; epidemiology ; 
surgery ; national health. 

INTRODUCTION 

Anterior cruciate ligament (ACL) surgery is 
curently considered the standard treatment for the 
ACL deficient knee in the young and active pa-
tient (3). In 2012 around 4500 primary and revision 
ACL surgeries were performed in Belgium (annual 
incidence around 40/100.000 inhabitants). (Data 
obtained from the Belgian National Institute for 
Health and Disability Insurance (RIZIV/INAMI)). 
The mean direct medical cost for anterior cruciate 
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ligament (ACL) injuries in Belgium is 1358 euros 
per injury (17). Despite the direct medical cost, 
 several studies revealed that ACL reconstruction 
surgery is a cost effective intervention based on 
 currently available evidence (17,20,45). 

Although arthroscopic ACL reconstruction sur-
gery has become a routine procedure, it has evolved 
considerably over the past 40 years (12). In the 
1980s, the gold standard technique consisted of a 
transtibial, anteromedial bundle reconstruction. 
Since this reconstruction technique combines the 
tibial posterolateral (PL) bundle attachment with 
the femoral anteromedial (AM) bundle origin, it 
was defined as ‘‘mismatch’’ reconstruction (25,31,32). 
Even though the clinical results of conventional re-
constructions were satisfactory and reliable over 
time, a positive “Pivot Shift” test of varying grades 
and proportions up to 25% persisted during clinical 
examination (12,57,54). Biomechanical studies con-
firmed the lack of rotational control of the transtibi-
al single bundle technique, possibly also accounting 
for secondary meniscal or cartilaginous problems 
seen after ACL reconstruction surgery (11,46,50).

In the 21st century, ACL reconstruction surgery 
has been reconsidered with a primary focus on ana-
tomic reconstruction (9,10,11,46). In an attempt to re-
store the anatomy and kinematics of the knee as 
closely as possible, double bundle ACL surgery has 
been developed (12,43,53). 

A better understanding of ACL anatomy and 
function has also led to modifications in single bun-
dle ACL surgery (9). In an effort to replicate the 
function of both the anteromedial and posterolateral 
bundles of the ACL with a single-bundle recon-
struction, the surgical goal is to create a single tun-
nel positioned within the anatomic centre of the na-
tive femoral footprint. Proper positioning of the 
femoral tunnel during ACL reconstruction is para-
mount, with nonanatomic tunnel placement cited as 
the most common cause of clinical failure second-
ary to pain and persistent instability (26,29,41,50). Ini-
tially, modifications to the conventional transtibial 
technique such as posterolateral beveling of the 
tibial tunnel and using a more collinear, proximal, 
and medial tibial starting point have been used to 
obtain these goals (50). However, obtaining a more 
anatomic femoral tunnel position with a transtibial 

tunnel technique has been at the expense of the tibi-
al tunnel position. Recent studies revealed that be-
sides femoral tunnel placement, tibial tunnel place-
ment also contributes to rotational control of the 
knee in single bundle ACL surgery (6,10,54). A more 
anterior and medial situated tibial tunnel aperture 
results in better joint kinematics compared to a more 
posterior and lateral positioned aperture as per-
formed in conventional techniques (6,10,54). The 
tranportal technique has been introduced (13,15,18, 
38,39). This technique provides the advantage of 
completely independent tibial and femoral tunnel 
placement. Compared to a transtibial approach, a 
transportal technique enables the surgeon to per-
form a more anatomic ACL reconstruction (25).

Furthermore, recent research has re-focussed on 
additional extra-articular procedures in order to bet-
ter control rotational knee stability (14). 

Due to the evolution of ACL surgery and recent 
insights in more anatomical procedures many dif-
ferent surgical options are available. It was there-
fore an aim of this study to investigate if recent ad-
vances in ACL reconstruction, as published in the 
literature, are effectively introduced in the daily 
practice of orthopaedic surgeons, performing ACL 
reconstruction surgery.

MATERIALS AND METHODS

An online questionnaire was mailed to all 119 Belgian 
orthopaedic surgeons who were both member of the 
 Belgian Association for Orthopaedic surgery and 
 Traumatology (BVOT) and member of the Belgian Knee 
Society (BKS). One reminder was send 6 weeks later. No 
further reminders had been sent according to the policy 
of the BVOT to avoid an overload of questionnaires and 
mailings amongst members of this scientific association. 

The survey consisted of 3 parts. In the first part, epide-
miological data of the participating surgeons were ques-
tioned. The second part contained 15 questions concern-
ing the surgical technique (graft properties, tunnel 
positioning, anatomic references, additional procedures 
and fixation devices). The third part contained 5 ques-
tions concerning post-operative care and rehabilitation. 

Data from the completed questionnaires were collect-
ed and analysed using Microsoft Excel (Microsoft, 
 Redmond, WA, USA). 
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RESULTS

General questions

45 surgeons (38%) answered the questionnaire. 
All surgeons perform more than 10 ACL surgeries a 
year, the majority between 25 and 50 ACL recon-
structions a year. 28.9% of the surgeons solely per-
form knee surgery whereas 55.6% of the questioned 
surgeon perform knee surgery combined with one 
other joint (28.9% shoulder, 28.9% hip, 15.6% foot 
and ankle, 6.7% wrist and hand injuries, 4.4% back 
injuries, 4.4% elbow surgery). 15.5% of the respon-
dents combine knee surgery in daily practice with 2 
or more other joint surgery. All further epidemio-
logical data of the participating surgeons are report-
ed in figure 1.

Surgical technique 

93.3% of the included surgeons perform an 
 arthroscopic single bundle technique, 4.4% perform 

a double bundle, single tunnel technique, and 1 
 surgeon performs an extra-articular procedure as a 
standard technique (53). The combination of an 
 intra-articular ACL reconstruction with an extra 
 articular augmentation is rarely used as a routine 
procedure but often performed in selected cases 
(2.2% in 50%-75%, 6.7%in 25-50%, 26.7% in less 
than 25%, 33,3% hardly ever and 31.1% never). 
93.3% of the surgeons use an autologous ipsilateral 
tendon graft, whereas 6.7% of the surgeons use an 
allograft. Of those surgeons who use an autologous 
tendon graft a doubled gracilis and semitendinosus 
is being used by 68.3%, quadrupled semitendinosus 
by 21.4%, tripled semitendinosus in 7.1%, tripled 
gracilis and ST in 2.4% and patella tendon in 2.4%. 

A transportal technique for femoral tunnel drill-
ing is performed by 57.8% of the surgeons. 71.1% 
measure the intra-articular femoral entry point with 
the aid of an offset guide or positions the femoral 
tunnel aperture in the centre of the native ACL foot-
print. The minority uses other techniques such as 
fluoroscopy or place the femoral tunnel just in line 

Fig. 1. — Epidemiological data of the participating surgeons represented as %
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Postoperative care and rehabilitation 

70.7% of the surgeons use a hinged brace in their 
postoperative rehabilitation protocol whereas 29.3% 
use no bracing. Full weight bearing (FWB) is 
 immediately allowed after the operation in 53.3%, 
after 1 week in 4.4%, after 2 weeks in 26.7%, and 
after 4weeks in 13.3%.

DISCUSSION

Although a lot of research concerning double 
bundle ACL surgery has been conducted, only few 
surgeons use this technique in daily practice. Most 
Belgian surgeons perform an anatomic single bun-
dle ACL reconstruction surgery routinely. Hereby, 
transportal femoral tunnel drilling, followed by 
 fixation of an autologous hamstring graft with a 
 cortical suspension system proximally and an inter-
ference screw and staple distally is used. Further-
more, a reasonable number of surgeons occasional-
ly perform an extra-articular procedure to enhance 
rotational stability of the knee. 

with the tibial tunnel. For femoral fixation, a corti-
cal suspension device was used by 91.1% and trans-
fixing pins by 8.9%.

Results of the survey concerning tibial tunnel po-
sitioning and orientation are reported in figure 2. 
For the primairy tibial fixation of the graft, an inter-
ference screw is used most often(91.1%). Other 
techniques include a transfixing pin : 6.7%, or a 
 cortical suspension system : 2.2%). A backup fixa-
tion method is used by 64.4% of the surgeons 
(Screw : 24.1% and Staple : 75.9%).

87.8% of the orthopedic surgeons perform ACL 
surgery under general anesthesia and 12.2% under 
loco-regional anesthesia. 80% of the surgeons per-
form ACL surgery with a one-night stay in the hos-
pital. The surgery is done in an outpatient clinic in 
13.3%. 6.7% of the surgeons keep the patient in the 
hospital for 2 nights. 57. 8% of surgeons use oral 
painkillers to alleviate pain symptoms after ACL 
surgery whereas 53.3% use an intravenous pain-
killer, 26.7% perform a femoral block, 22.2% use 
intra-articular painkillers and 11.1% use peri- 
articular injections. 

Fig. 2. — Differences in surgical technique used for tibial  tunnel drilling in ACL surgery (DGA = drill-guide, IAA = intra-articular 
aperture, MCL = medial collateral ligament).
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medial femoral condyle and a higher re-rupture 
rate (5,19,22). 

Recent studies showed that a double-bundle 
 anterior cruciate ligament reconstruction does not 
appear to be cost-effective at this time compared to 
single bundle techniques (11,45).

Therefore, the common practice in Belgium to 
treat ACL ruptures is in accordance with the current 
knowledge concerning a cost-effective treatment. 
Furthermore, a long and difficult learning curve has 
been attributed to double bundle ACL surgery with 
a double possibility of committing an error (12).

Most of the questioned surgeons position the 
femoral tunnel aperture with the aid of an offset 
guide or central in the native footprint remnant. 
This technique has also been confirmed, as a routine 
procedure, by other studies (35,42). For tibial tunnel 
drilling, the majority of the questioned surgeons 
 position the tip of the drill-guide based on a mea-
surement in reference to the anterior border of the 
forehorn of the lateral meniscus, the anterior border 
of the tibial ACL footprint or the anterior border of 
the PCL. The position of the cortical entry point on 
the tibia is for most surgeons a standard spot, refer-
enced to the tibial tubercle or the MCL. Only few 
surgeons will change the tibial cortical entry point 
depending on the geometry of the native ACL. The 
cortical position of the tibial tunnel will however 
determine the transverse angle of the tibial tunnel 
and will therefore determine the longest axis of the 
tibial tunnel aperture (51). By changing the trans-
verse angle one can change the orientation of the 
tibial tunnel aperture and therefore position the tibi-
al tunnel aperture according to the orientation of the 
footprint. The drill-guide angle (DGA) for the tibial 
tunnel routinely used ranges from 45° to 55° and 
most of the surgeons drill the tibial tunnel with a 
DGA of 50°. The DGA is inversely related to the 
size of the tibial tunnel aperture (51). By using a 
DGA of 45° or more the risk for femoral notch im-
pingement is reduced, the risk for overhang of the 
tibial tunnel aperture over the borders of the native 
ACL is reduced (51). Therefore a DGA between 45° 
and 55° is seen as an appropriate DGA according to 
current knowledge.

Nearly all questioned surgeons use autologous 
ipsilateral hamstring tendon grafts. Similar results 

General questions

The majority of the questioned Belgian surgeons, 
member of the BKS and BVOT, perform knee 
 surgery in combination with one other joint, treating 
25-50 ACL surgeries per year in a private practice. 
A similar number of ACL surgeries performed 
 annually by a single surgeon are seen in similar 
 other studies (30,44). A big difference between this 
study and similar other studies is the fact that the 
majority of surgeons is working in a non-academic 
hospital. Furthermore no information concerning 
sub-specialization could be found in other studies.

Surgical technique 

Double-bundle ACL surgery was introduced to 
reproduce the anatomy and biomechanics of the na-
tive ACL as closely as possible. The superiority of 
double bundle over single bundle ACL surgery has 
been proven biomechanically and clinically (4,7,43). 
Although much research concerning double bundle 
ACL surgery has been performed, most surgeons in 
this study perform a single bundle technique. This 
could possibly be explained by the fact that the ma-
jority of participating surgeons in this study is work-
ing in a non-academic setting. Research and the de-
velopment of new techniques are mainly initiated in 
university hospitals. Furthermore, it is unclear if 
double bundle ACL surgery is still not introduced in 
Belgium or if many surgeons have abandoned a 
double bundle technique already.

However, the majority of Belgian knee surgeons 
routinely perform an anatomic single bundle proce-
dure with independent tunnel placement, using a 
transportal technique. This technique allows for an 
anatomic femoral and tibial tunnel positioning (7). 
Recent studies have revealed that not only anatomic 
femoral tunnel positioning is of importance, but op-
timal tibial tunnel positioning is a key to better bio-
mechanical outcome. Therefore, it has been pro-
posed to position the tibial tunnel aperture more 
anteriorly compared to the classic postero-medial 
position. The use of a transportal technique for 
 femoral tunnel drilling will however also induce 
some key concerns such as a shorter femoral tunnel 
length, a bigger chance to injury the cartilage of the 
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fixation system resulting in less laxity but at the cost 
of more kneeling pain (27,55). 

The majority of the Belgian orthopedic surgeons 
perform ACL surgery under general anesthesia, 
which requires a one-night stay in the hospital. It is 
however shown that ACL reconstruction can be 
successfully performed in day care using loco- 
regional anesthesia, with high patient satisfaction 
levels and low readmission or complication rate (49). 

The majority of surgeons prescribe oral painkill-
ers or intravenous painkillers in the postoperative 
period. Only a minority of the surgeons use femoral 
nerve blocks (FNB), intra articular painkiller injec-
tion and periarticular multimodal drug injection. 
Concerning FNB and intra-articular painkiller 
 injections there appears to be no evidence of 
 additional benefit over periarticular multimodal 
drug injection (33). Furthermore, there is a small but 
identifiable risk associated with performing FNBs, 
with potentially catastrophic effects (40).

Postoperative care and rehabilitation 

Most of the surgeons (69%) use a hinged brace in 
their postoperative rehabilitation protocol, A review 
of systematic reviews reports strong evidence of no 
added benefit of bracing after ACL reconstruction 
(0-6 weeks post-surgery) as an adjunct to standard 
treatment in the short term. Therefore its use is not 
recommended (37).

Limitations

This study has several weaknesses. First, the 
 percentage of participating surgeons was rather low 
despite two subsequent mailings. No further ques-
tioning was allowed according to the policy of the 
BVOT concerning mailings to their members. 

Second, only members of the BKS were involved 
in this study. Therefore the results of this study may 
not reflect the approach to the surgical treatment of 
anterior cruciate deficient knees amongst all Bel-
gian orthopaedic surgeons but only to those who are 
a member of the Belgian Knee Society. Seen the 
number of BKS members compared to the number 
of BVOT members, presumably most surgeons who 

are seen in Sweden (2). In the UK, Canada and the 
USA, where the majority of the surgeons preferred 
to use a bone-patellar tendon-bone (BPTB) auto-
graft. Recent surveys show a shift towards the use 
of autologous hamstring grafts (30,35,42,44). Both 
graft types have advantages and disadvantages. The 
use of a BPTB graft has the advantage of direct 
bone-to-bone contact allowing for faster in-
growth (56). Hamstring autografts on the other hand 
tend to induce less anterior knee pain, extension 
deficit and progression to osteoarthritis, compared 
to BPTB ACL reconstructions (16,21,24). In terms of 
knee function scores, instrumented laxity testing 
and evolution towards osteoarthritis no evidence 
exists to prove superiority of one of the tech-
niques (1,8,23,28,47,48). However, the use of autolo-
gous hamstrings tendons seems to be the most cost-
effective graft option.

Although an extra-articular augmentation proce-
dure is rarely performed on a routine basis, 67% of 
Belgian knee surgeons perform this procedure in 
selected patients. This is a huge difference com-
pared to other similar studies where extra-articular 
augmentation procedures are rarely performed. In 
the late 1960’s and early 1970’s the anterolateral 
 tenodesis was introduced (12,36). This technique 
gained however no favor because peripheral recon-
structions did not afford long-term stability of the 
knee (12). Afterwards attention was given to direct 
intra-articular ACL reconstruction surgery. The use 
of extra-articular procedures was however never 
completely abandoned in Belgium (52). In high 
 demand athletes, intra-articular and extra-articular 
procedures were often combined. Recently research 
has focused on the clinical importance of extra- 
articular procedure on the anterior lateral side of the 
knee to better rotationally control knee stability (14). 

For ACL graft fixation on the femoral side 91.1% 
of the participating orthopedic surgeons use a corti-
cal suspension system. It is known that cortical sus-
pension systems cause a so-called windshield wiper 
effect resulting in more tunnel widening (34). How-
ever, no significant correlation between tunnel 
 widening and clinical outcome is seen (4). For tibial 
fixation of the graft an interference screw is mostly 
used (91.1%). An adjuvant staple is used by 46.7%. 
Several studies confirm the advantage of a backup 
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390.

8. Biau DJ, Katsahian S, Kartus J et al. Patellar Tendon 
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central, and horizontal single-bundle virtual graft positions. 
Am J Sports Med 2009 ; 37 (7) : 1317-1323.
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37 (4) : 683-7.
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evolution of ACL reconstruction over the last fifty years. 
Int Orthop 2013 ; 37(2) : 181-6.

13. Chhabra A, Kline AJ, Nilles KM et al. Tunnel expansion 
after anterior cruciate ligament reconstruction with auto-
genous hamstrings : a comparison of the medial portal and 
transtibial techniques. Arthroscopy 2006 ; 22 : 1107-1112.

14. Claes S, Vereecke E, Maes M et al. Anatomy of the 
anterolateral ligament of the knee. Journal of anatomy 
2013 ; 223(4) : 321-328.

15. Colvin AC, Shen W, Musahl V et al. Avoiding pitfalls in 
anatomic ACL reconstruction. Knee Surg Sports Traumatol 
Arthrosc 2009 ; 17 : 956-963.

16. Cooper DE, Deng XE, Burstein AL et al. The strength of 
the central third patellar tendon graft. Am J Sports Med 
1993 ; 21 : 818-823.

17. Cumps E, Verhagen E, Annemans L et al. Injury rate and 
socioeconomic costs resulting from sports injuries in 
Flanders : data derived from sports insurance statistics 
2003. Br J Sports Med 2008 ; 42(9) : 767-72.

18. Dargel J, Schmidt-Wiethoff R, Fischer S et al. Femoral 
bone tunnel placement using the transtibial tunnel or the 
anteromedial portal in ACL reconstruction : a radiographic 
evaluation. Knee Surg Sports Traumatol 2009.

19. Farrow LD, Parker RD. The relationship of lateral 
anatomic structures to exiting guide pins during femoral 
tunnel preparation utilizing an accessory medial portal. 
Knee Surg Sports Traumatol Arthrosc 2010 ; 18 : 747- 
753.

20. Farshad M, Gerber C, Meyer DC, et al. Reconstruction 
versus conservative treatment after rupture of the anterior 

perform knee surgery in Belgium are a member of 
the BKS. 

Third, in the effect of age, gender, activity level 
of the patient or the difference between acute or 
chronic ACL tears was not investigated.

CONCLUSION

In general anatomic single bundle ACL recon-
struction surgery using autologous hamstring grafts 
appears to be the gold standard amongst Belgian 
 orthopedic surgeons anno 2013. This is in accor-
dance with current knowledge for cost effective 
care. The procedure is however mainly performed 
under general anesthesia with a one-night stay in the 
hospital. Furthermore a hinged brace is usually pre-
scribed in the post-operative period. Performing 
ACL reconstruction surgery in day care with the aid 
of loco-regional anesthesia and avoidance of a 
hinged brace may help to reduce the cost for the 
healthcare  system without compromising the out-
come. 
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