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(6.6–17.1) to 6.3° (0.3–13.4), p =  0.0011. Post-operative 
varus laxity did not return to the level of the uninjured 
knee: 4.4° (1.5–7.7), p = 0.036. VAS satisfaction score, the 
Tegner, Lysholm, Noyes scores and the IKDC subjective 
knee form all improved significantly.
Conclusion  The anatomical reconstruction of the pos-
terolateral corner does provide restoration of the external 
rotation stability in the majority of patients. However, the 
varus laxity could not be restored in all patients. Functional 
knee scores improved significantly, and most reconstructed 
knees had a laxity of <3° compared with the uninjured 
knee, but the reconstructed knee did not become as stable 
as the uninjured knee. The results of this study can assist 
surgeons and patients to have realistic expectations of this 
operation.
Level of evidence  Case series with no comparative group, 
Level IV.

Keywords  Posterolateral corner · Multiligament · Knee · 
Stress radiographs

Introduction

Anatomical studies have shown that the main stabilising 
structures of the posterolateral corner (PLC) of the knee 
can be considered to be the fibular (lateral) collateral liga-
ment (LCL), the popliteofibular ligament (PFL) and the 
popliteus muscle and tendon (PM, PT) [2, 18, 36, 38]. 
Injuries to the PLC can lead to invalidating instability of 
the knee joint, although operative treatment is only rec-
ommended for severe injuries [4]. Untreated PLC injuries 
increase the failure rate of both anterior cruciate ligament 
(ACL) and posterior cruciate ligament (PCL) reconstruc-
tions [9, 13, 19, 30, 31]. In the past, several techniques 

Abstract 
Purpose  The goal of this study was to present a 2- to 
5-year prospective follow-up of an anatomical posterolat-
eral corner reconstruction in a series of 16 patients with 
symptomatic instability and pain complaints of the knee.
Methods  All 16 patients underwent a posterolateral cor-
ner reconstruction as described by LaPrade et al. If cruciate 
ligament ruptures were present and had not been addressed 
earlier, these were reconstructed as well. Preoperatively and 
2–5 years after surgery, multiple subjective knee outcome 
scores (VAS satisfaction score, Tegner, Lysholm, Noyes 
score and IKDC subjective knee form) were obtained, and 
the laxity of the joint was evaluated objectively by using 
bilateral varus stress radiographs to compare the injured 
with the uninjured knee.
Results  Eleven patients had concomitant ACL or PCL 
surgery or already had undergone surgery on this cruci-
ate ligament. Mean varus laxity of the injured knee on 
varus stress radiographs improved significantly from 9.6° 
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to treat these instabilities have been described [12, 35]. 
LaPrade et al. [16, 21] described an anatomical reconstruc-
tion technique of the injured PLC. Multiple studies have 
shown that an anatomical reconstruction is superior to a 
repair [22, 23, 29, 37].

Posterolateral corner insufficiency often consists of a 
varus laxity component and a rotational laxity component. 
Several studies describe good results of a two-tailed tech-
nique in which a graft is passed through the head of the 
fibula and attached to the femoral epicondyle [15, 25, 26]. 
The LaPrade et al. technique addresses both laxity com-
ponents by reconstructing/reinforcing the lateral collateral 
ligament, the popliteal tendon and the PFL with two grafts. 
The technique is based on the quantitative attachment anat-
omy of these three structures. However, only a few clinical 
studies are available that recognise the additional value of 
this technique or that consider whether the patients benefit 
from this extra reinforcement [27, 29, 39]. Only LaPrade et 
al. [7, 15, 16] have analysed this technique using prospec-
tive studies.

The main goal of this study was to investigate whether 
results could be achieved comparable with those reported 
by LaPrade et al. We hypothesised that this surgical tech-
nique would show an objective improvement in the stability 
of the knee joint. Our second hypothesis was that patients 
would show improved knee function.

Materials and methods

Between 2004 and 2010, 16 patients underwent a PLC 
reconstruction of the knee as described by LaPrade et al. 
[17] and were included in this study. The inclusion crite-
ria were the following clinical findings: post-traumatic 
varus instability >5 mm, external tibial rotation measured 
clinically in 30° knee flexion >5° than that of the uninjured 
knee. Furthermore, there had to be a minimal lateral com-
partment opening of 5° during varus stress radiographs in 
extension.

Exclusion criteria were as follows: patients with grade 
4 osteoarthritis according to the Outerbridge classification, 
patients with a previous osteotomy or an indication for an 
osteotomy for varus malalignment. A varus alignment of 
3°–4° or greater and the presence of a varus thrust were 
considered to be an indication for an osteotomy.

Leg alignment was assessed on long leg radiographs. 
All patients underwent magnetic resonance imaging of the 
injured knee.

The median age of the subjects was 33 (18–58); in seven 
cases, the right knee was injured and in nine cases the left. 
Ten males and six females were operated. Fourteen patients 
had chronic instability complaints; two patients underwent 
a reconstruction in the acute stage (within 6 weeks).

Fourteen subjects had a clinical grade III PLC injury 
(>10 mm varus and/or >10° rotational instability), and two 
subjects had a severe grade II-PLC injury (varus instability 
of 5–10 mm and/or rotational instability of >10°) [11].

Eleven of the 16 patients had concomitant complex liga-
ment injury of the involved knee (Table 1).

Three patients had peroneal nerve damage at presenta-
tion. This recovered completely in two patients; one patient 
had remaining damage.

Eight patients had either undergone a reconstruction of 
one of the cruciate ligaments before referral to our hospital 
or undergone a PLC operation that later failed (Table 1). In 
all 16 patients, we performed a reconstruction of the PLC 
as described by LaPrade et al. [17]; the ruptured cruciate 
ligaments were also reconstructed. In two cases, a partial 
PCL rupture was left untreated, since on testing these knees 
only showed minimal laxity (Table 1).

The surgical technique was as described by LaPrade  
et al. [17]. An Achilles tendon allograft was used and split 
lengthwise to create two grafts: the first graft to recon-
struct the LCL and the PF; the second graft to reconstruct 
the PT (Figs. 1, 2). The grafts were fixed with interference 
screws into the femur, tibia and fibula. The allograft was 
not secured with a screw in the fibular head in all patients; 
sometimes the fibular head was small compared with the 
drill hole size needed for the graft. In such cases, we did 
not insert a screw in order to prevent a fracture of the soft 
bone. The thickness of the tunnels drilled and that of the 
interference screws sometimes differed from those used by 
LaPrade et al. [17], depending on the situation. The proce-
dures were performed in a similar way by three surgeons.

At the first post-operative day, a varus/valgus stabilis-
ing brace was applied. Flexion and extension of the knee 
were limited during the first two post-operative months by 
the brace, with a range from 20° extension to 70° flexion. 
On the second post-operative day, the patient was mobi-
lised with crutches with a maximal weight-bearing load 
of 5–10 kg for the next 2 months. After that period, under 
supervision of a physiotherapist, the load was gradually 
increased to full weight bearing on the operated knee, and 
maximum range of motion allowed was increased from 0° 
extension to 90° flexion in the brace until 4 months post-
operatively. Low-molecular-weight heparin was prescribed 
for a 2-month period to prevent deep venous thrombosis.

Preoperative varus stress radiographs were performed as a 
standard diagnostic tool in the evaluation of the PLC injury. 
This has been previously described [6, 8, 10, 14, 34]: the 
method provides an objective and reproducible measure of 
lateral compartment opening. The radiographs were obtained 
using the Telos device (Fa Telos, Medizinisch-Technische 
GmbH, Griesheim, Germany) with the subject lying in 
a supine position with the leg in 0° of extension, while a 
15-kg load was applied at the level of the joint line. Using 
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the measurement tool included in the radiographic database 
program, the lateral compartment opening was determined 
as the angle between the tangent to the femoral condyles 
and the line through the deepest tibial joint surfaces. Meas-
urements were made at the nearest 0.1 degree. A detailed 
description of the measurement technique and its accuracy 
was previously published by Heesterbeek et al. [10].

To test our hypothesis, 2–5 years after surgery, the lat-
eral compartment opening was again measured on the 
stress radiographs and compared with the lateral compart-
ment opening in the uninjured knee. We considered the 
varus laxity of the uninjured leg to be the baseline value.

Several subjective clinical score forms (VAS satisfaction 
score, the IKDC subjective form and the Noyes, Lysholm 
and Tegner scores) were completed preoperatively and 
2–5 years after surgery.

The accredited ethics committee (Dutch acronym: METC, 
English: IRB) Slotervaartziekenhuis and Reade reviewed this 
study, registered under number P1312, by expedited review 
and determined, based on the Dutch Medical Research 
Involving Human Subjects Act (Dutch acronym: WMO), 
that the research activities described meet the requirements 
for exemption from METC review under the WMO.

The data obtained at the final follow-up were compared 
with the preoperative data using Wilcoxon signed-rank 
tests.

All patients were followed up prospectively, but because 
of some missing values, it was not possible to present the 
results for both the 2- and 5-year follow-up. Therefore, 
we took the scores collected at the 5-year follow-up when 
available, and if not, the scores at the 2-year follow-up 
were used.

For one patient, only stress radiographs were made 
1  year post-operatively; another patient died after the 
1-year post-operative follow-up appointment. For these two 
patients, we used the 1-year post-operative stress radio-
graph values in our post-operative evaluation.

p-values smaller than 0.05 were considered significant.

Results

Median follow-up was 60 (23.5–74.1) months, excluding 
the two patients who had missing values after the 1-year 
follow-up.

The median opening of the lateral compartment on 
the stress radiograph decreased significantly from 9.6° 
(6.6–17.1) to 6.3° (0.3–13.4), (p =  0.0011). However, it 
remained more than on the uninjured side: 4.4° (1.5–7.7), 
(p = 0.036) (Fig. 3).

All clinical scores increased significantly. The VAS sat-
isfaction score improved from 33 (20–51) to 67 (9–92), 
(p = 0.0022).P
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Tegner score improved from 2.0 (0–4) to 3.5 (0–8), 
(p =  0.047). The post-operative Lysholm score improved 
from 58.5 (0–82) to 82 (16–100), (p  =  0.0097). The 
Noyes score improved from 56 (20–65) to 76 (54–100), 
(p = 0.0022), and the IKDC subjective knee form showed 
an increase from 44 (11–55) to 67 (22–99), (p = 0.0033) 
(Fig.  4). One patient (patient number 9 in Table  1) had a 
low VAS (9), low Lysholm score (16) and low IKDC score 
(22). This patient had a preoperative pain syndrome that 
did not resolve post-operatively.

The external rotation in 30° of knee flexion was <5° 
for all patients 1 year after surgery and remained <5° after 
2–5  years follow-up in all patients, except for three; in 
those patients external rotational laxity increased slightly to 
6–10° (Table 1).

When a concomitant rupture of the ACL was addressed 
with a reconstruction, this led to a stable anterior drawer 
test in the majority of the patients. The PCL reconstruc-
tions, however, still showed some instability during clinical 
examination.

Discussion

The most important finding of the present study was that 
satisfactory results could be achieved with a PLC recon-
struction technique as described by LaPrade et al. [17]. 
However, the operated knees did not become as stable as 
the uninjured knees. The studied group showed a signifi-
cantly decreased median opening of the lateral compart-
ment on stress radiographs at a follow-up of 2–5 years.

The VAS satisfaction score, the Tegner, Lysholm, 
Noyes scores and the IKDC subjective knee form score all 

Fig. 1   Lateral aspect of the surgical technique according to LaPrade 
et al. (re-printed with permission Am J Sports Med 2004 32: 1405 
LaPrade et al.)

Fig. 2   Frontal aspect (re-printed with permission Am J Sports Med 
2004 32: 1405 LaPrade et al.)

Fig. 3   Preoperative, post-operative and uninjured-side varus laxity 
(degrees) measured on stress radiographs. The horizontal line in the 
boxes indicates the median
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improved significantly. To our knowledge, this is the first 
time that the results of a reconstruction technique accord-
ing to LaPrade et al. [17] are described by another group.

Multiple techniques have been described for the treat-
ment of chronic posterolateral knee injuries. In our view, of 
all described techniques, the LaPrade et al. [17] technique 
comes closest to the native situation. In theory, by recon-
structing the LCL, PFL and PT based on their quantitative 
attachment anatomy, the surgeon is able to restore static 
laxity under varus and external rotation testing conditions 
[15]. Only few clinical studies have described this tech-
nique, with or without modifications. Yoon et al. [39] com-
pared this technique with a non-anatomical technique and 
revealed better rotational and varus laxity with the more 
anatomical technique. Noyes et al. [29] operated on nine 
patients with this technique; however, these were evaluated 
together with a group of five patients with only a collateral 
ligament reconstruction. Nevertheless, they showed good 
results and good rotational stability. LaPrade et al. analysed 
54 patients with PLC or combined injuries with an average 
follow-up of 4.3 years, showing a significant improvement 
in the post-operative IKDC objective scores for varus open-
ing at 20°, external rotation at 30°, reverse pivot shift and 
the single leg hop [15]. The study population consisted of 
a very heterogeneous group of patients, as in the present 
study. Geeslin et al. analysed 26 knees in 25 patients fol-
lowing an acute PLC injury. Ten patients were treated with 
the anatomic reconstruction technique as in the present 
study, and the remaining 16 knees were treated with PLC 
repair or repair and reconstruction. Varus stress radiographs 
demonstrated a significant improvement in the side-to-side 
difference in the lateral compartment gap, from 6.2  mm 
preoperatively to 0.1 mm at the time of final follow-up, on 
average 2.4 years [7].

Several studies reported the varus laxity measure-
ments in millimetres. In the present study, the laxity was 

measured in degrees on stress radiographs to prevent any 
discrepancies due to the magnification factor [10]. As a 
consequence, the results of the present study are difficult to 
compare with other studies.

When considering a lateral opening of <3° (operated vs 
uninjured knee) as being successful (surgeon’s opinion), 
then 10 out of 14 PLC reconstructions can be considered 
a success (two patients lacked values for the uninjured 
side and thus could not be evaluated). This success rate of 
71  % is comparable with the results of Noyes et al. [27] 
who found a success rate of 76 % (16 out of 21 patients) at 
a mean follow-up of 42 months. Yoon et al. [39] reported 
post-operative residual varus laxity of more than 5  mm 
compared with the contralateral side in 14  % of the 21 
cases. However, these results were based on clinical exami-
nation; there were no varus stress radiographs to enable an 
objective measurement. As mentioned earlier, in the study 
by Geeslin et al. [7] varus stress radiographs demonstrated 
an improvement in the side-to-side difference in the lateral 
compartment gap from 6.2  mm preoperatively to 0.1  mm 
post-operatively, making the operated knees almost as 
stable as the uninjured knees. Although this seems a bet-
ter result than the results from the present study, it is diffi-
cult to compare as Geeslin et al. [7] investigated a group of 
patients who underwent either a reconstruction, a repair, or 
a repair and reconstruction.

It is not clear why in the present study some patients 
had a residual lateral collateral laxity. These were not the 
three patients with slightly increased external rotation. 
The fixation for all grafts was performed in the standard 
manner. The femoral fixation using the bone block seems 
reasonably secure. Theoretically, the tibial fixation of the 
graft might slip within the tunnel. In addition, the loosen-
ing of the lateral collateral ligament reconstruction might 
have been caused by a further slippage or stretching of the 
rather long graft passing through the fibular head and then 
the tibia. Furthermore, the allograft had not been secured 
in all patients with a screw in the fibular head; sometimes 
the fibular head was small and the bone soft. In only one 
patient with residual laxity, the allograft was not fixed with 
an interference screw in the fibular head, and we found no 
correlation between the usage of an interference screw in 
the fibular head to the laxity. Another theory could be that 
the rather soft bone of the fibular head might have been 
deformed during the rehabilitation, but in all cases the tun-
nel edges had been smoothened. A neutral hinged brace for 
4 months was used during rehabilitation, and we consider 
this to be a rather conservative post-operative care.

In this study, 11 subjects had additional injuries like 
PCL and ACL ruptures, which is comparable with other 
studies [1, 7, 15, 24, 32, 33, 39] and is the reality in our 
practice. These additional injuries will have a nega-
tive impact on the clinical outcome and make an isolated 

Fig. 4   Pre- and post-operative Lysholm, Noyes and IKDC scores. 
The horizontal line in the boxes indicates the median
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evaluation of the PLC reconstruction difficult. In our view, 
the reconstruction of concurrent injuries, especially of the 
cruciate ligaments, is mandatory in order to obtain a good 
PLC reconstruction result. In the cases where the cruciate 
ligament ruptures were not addressed, the anterior-posterior 
stability was still rather poor, which strengthens the view 
that the extra restraint provided by intact or reconstructed 
cruciate ligaments plays a relevant role in the stability of 
the knee [25]. As stated by LaPrade et al., the PCL plays an 
important role both in restraining lateral and rotational lax-
ity at 90° flexion. Therefore, simultaneous reconstruction 
of the PCL proved to be essential both in vitro and in vivo 
to assure improvement in the PLC stability [14, 20]. The 
consequence of missing a PLC injury in the presence of a 
known tear of the ACL or PCL could lead to failure of the 
reconstructed cruciate ligament [3, 33].

Although the results in this study show an overall 
improvement in functional scores, the median post-opera-
tive Tegner score was only 3.5. A study by Freeman et al. 
[5] reported improvement in Tegner activity from 2.25 to 
4.5, which was significant, as in the present study. Noyes 
et al. reported an improvement in activity level post-surgery 
after the anatomical reconstruction. It was not reported 
whether they returned to their original activity level [27–
29]. Considering the results mentioned above, it is impor-
tant to advise patients that we aim for a fully weight-bearing 
leg and not to have them return to their former activity level.

A limitation of the present study is that it is a single 
cohort study and no comparison has been made with an 
alternative (less-anatomical) reconstruction technique. 
Instead, the result of the reconstruction was compared with 
the non-injured side. Furthermore, the size and the variety 
of the cohort can be considered as limitations of the present 
study, although this is inherent to the rarity and the nature 
of the injury. A further limitation of the study might be that 
AP and rotational laxity were assessed as part of the IKDC 
score.

Fourteen patients had chronic instability complaints and 
two patients were operated on during the acute stage, which 
might introduce bias since a reconstruction in patients with 
chronic instability is potentially more difficult considering 
possible tissue retraction, adhesions and entrapment of the 
common peroneal nerve in scar tissue [20, 37].

Conclusion

The anatomical reconstruction of the PLC does provide res-
toration of the external rotation stability in the majority of 
patients. However, the varus laxity could not be restored in 
all patients. Functional knee scores improved significantly 
and most reconstructed knees had a laxity of <3° compared 
with the uninjured knee, but the reconstructed knee did not 

become as stable as the uninjured knee. The results of this 
study can assist surgeon and patient to have realistic expec-
tations of this operation.
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of interest.
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