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12.1	 �Introduction

As the incidence of anterior cruciate ligament 
(ACL) reconstructions continues to increase, the 
rate of revision surgery continues to climb. 
Despite technical and rehabilitation advances in 
primary ACL surgery, the rate of revision and 
even re-revision remains higher than desired.

Primary anterior cruciate ligament reconstruc-
tion (ACLR) generally leads to good outcomes and 
has a revision rate of between 1.6% and 2.1% [1]. 
With follow-up longer than 10 years, the ACL graft 
rupture rate increases to 6% and clinical failure 
occurs in approximately 10% of ACLR cases 
(range, 2–26%) [2]. Revisions of previously recon-
structed ACLs show even higher re-rupture rates of 
approximately 13.7% [3]. Furthermore, outcomes 
with subsequent revisions can be dismal, with one 
study showing less than one-third of patients return-
ing to their prior levels of activity [4]. Additionally, 
based on long-term follow-up, osteoarthritis devel-
ops in 21–48% of patients after combined ACL, 
meniscus, and cartilage injuries but in only 0–13% 
of patients with isolated ACL rupture [5].

Despite a relatively high failure rate of revision 
ACL reconstructions, additional reconstructive pro-
cedures are not commonly performed. This is for 
multiple reasons, including decreased patient activ-
ity and expectations with increasing age and con-
cerns of undergoing a further surgical procedure [6].

Since the outcomes of revision ACL procedures 
remain poor compared to the results of primary 
reconstructions [7–10] it is crucial to identify and 
address the factors that may have contributed to 
graft failure. These factors can be divided in 
“extrinsic” or “intrinsic”. Extrinsic factors, related 
to surgical technique and rehabilitation, are often 
determined according to the patients’ intended 
sports activities, [11, 12] while intrinsic factors 
include specific anatomic features such as an 
increased posterior tibial slope (PTS), a narrow 
intercondylar notch, hyperlaxity or gender.

12.2	 �Biomechanics

The factors that contribute to the abnormal knee 
kinematics after ACL injury and reconstruction 
remain unclear. Bone shape has been implicated 
in the development of hip and knee osteoarthritis, 
although there is little knowledge about the 
effects of bone shape on knee kinematics.

Many risk factors have already been identified 
for ACL injuries. These include a decreased 
notch width, generalized joint laxity, subtalar 
pronation, hormonal factors, body mass index, 
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knee recurvatum, and increased Q angle. 
Previously, it has been demonstrated that anterior 
tibial translation (ATT) increased 0.6  mm per 
degree of posterior tibial slope (PTS) in ACL-
deficient knees [13] and, more recently, studies 
have shown that increased PTS is an independent 
risk factor for primary ACL injuries [14].

The normal PTS is within the range of 5–7°, 
depending on the measurement technique, and it 
is considered pathologic if it exceeds 12° [15].

An increase in PTS leads to an anterior shift of 
the tibia’s resting position, which not only inten-
sifies the stress on the ACL, but can also lead to 
abnormal loading of the knee, resulting in dam-
age to menisci and articular cartilage [16].

Andrew et  al. [17], in their cadaveric study, 
quantified the effect of changes in sagittal plane 
tibial slope on ACLR graft force at varying knee 
flexion angles. They proved with axial loading that 
the PTS had an independently significant, linearly 
increasing effect on graft force regardless of flex-
ion angle (coefficient = 0.92, SE = 0.08, P < 0.001). 
Meanwhile, significantly higher graft force was 
observed at 0° of flexion as compared with all 
other flexion angles for the loaded (all P < 0.001) 
and unloaded (all P < 0.001) conditions.

In a more recent clinical study, Dejour et al. [18] 
have proved that static ATT increased significantly 
in knees with tibial slopes >7°, by approximately 
0.3 mm per degree, and that dynamic ATT increased 
significantly in knees with tibial slope ≥12°, by 
approximately 0.2 mm per degree. These findings 
confirm the relationship between tibial slope and 
ATT first described by Dejour [19, 20] and con-
firmed more recently by Schatka et al. [21].

It is important to highlight that these studies 
did not find an association between the pivot shift 
test and tibial slope, possibly because the latter is 
generally measured at the medial compartment, 
while rotational stability may depend more on 
lateral tibial slope [14, 22].

Of course, meniscal status is another signifi-
cant contributor to knee stability and anterior 
tibial translation control that has been well estab-
lished in the literature.

The role of the menisci in limiting ATT can be 
explained by considering them as part of a ‘soft 
tissue slope’ which increases the coverage and 
reduces the bony slope [23].

The association of medial meniscal tears with 
dynamic ATT, as well as the pivot shift has been 
corroborated by cadaveric studies [24, 25] gait 
analyses and simulations, which detected a sig-
nificant impact of medial meniscal tears on ATT 
during gait [24, 26, 27].

Samuelsen et al. [28] found a significant inter-
action between PTS and posterior medial menis-
cal root tear (PMMR), where a PMMR tear was 
observed to potentiate the effect that increased 
PTS has on ACLR graft forces at 30° of knee 
flexion. A PMMR tear also led to a significant 
increase in ACLR graft force when compared 
with the intact state, whereas the meniscal repair 
state was not significantly different from the 
intact state. This finding corroborates and high-
lighted the importance of the medial meniscus as 
a secondary stabilizer of the knee.

Meanwhile, it is important to notice that 
Dejour et al. [18] recently found that the lateral 
meniscus was not a major component of either 
static anteroposterior or rotational knee stability 
in ACL-deficient knees.

Taking all these biomechanical considerations 
into account, a slope-reducing osteotomy proce-
dure can significantly reduce ACL force and 
anterior tibial translation with tibio-femoral com-
pression (TFC) alone as well as combined with 
anterior force or valgus moment [29].

12.3	 �Measurement

Radiographic examination includes an antero-
posterior view (in monopodal stance when it is 
possible at 20° of flexion), a Rosenberg view (pos-
tero-anterior at 35–40° of knee flexion), a true lat-
eral view (in monopodal stance at 25–30° of knee 
flexion), and an axial view at 30° of knee flexion. 
Assessments are made using true lateral views of 
the knee under fluoroscopic control to ensure that 
the femoral condyles are superimposed.

As for the PTS measurement, there is little 
consensus on the ideal references to be used. 
Many anatomical references have been described 
but there is little information about the values 
measured with the different methods, and, for 
this reason, it is difficult to compare the measure-
ments of different studies. The authors utilize the 
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method described by Dejour and Bonnin [19], 
using a goniometer with a precision of ±1° to 
measure the angle between the line perpendicular 
to the proximal tibial diaphyseal axis and the line 
tangent to the most superior points at the anterior 
and posterior edges of the medial tibial plateau 
(Fig. 12.1). According to this method, the physi-
ological PTS measures ~7°. Other anatomical 
references, however, have been described and 
applied as the longitudinal axis.

Jae Ho Yoo et  al. [30] have utilized the 
mechanical axis (MA, a line connecting the mid-
points of the tibia plateau and the tibia plafond), 
the anterior tibial cortex (ATC, a line connecting 
2 points on the anterior tibial cortex at 5 and 

15 cm distal to the knee joint line), the proximal 
tibial anatomical axis (PTAA, a line connecting 
midpoints of outer cortical diameter at 5 and 
15  cm distal to the knee joint line), the central 
tibial anatomical axis (CTAA, a line connecting 
midpoints of outer cortical diameter at 10 cm dis-
tal to the knee joint line and at 10 cm proximal to 
the ankle joint line), the posterior tibial cortex 
(PTC, a line connecting 2 points on the posterior 
tibial cortex at 5 and 15 cm distal to the knee joint 
line), and the fibular shaft axis (FSA, a line con-
necting midpoints of outer cortical diameter of 
proximal and distal ends of the fibular diaphysis) 
(Fig. 12.2). They evaluated 90 knees in 60 con-

°

− ° = Posterior Tibial Slope
ATT = Anterior Tibial Translation

Fig. 12.1  Posterior tibial slope (PTS) and anterior tibial 
translation (ATT) measurements
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Fig. 12.2  Different anatomical references for PTS mea-
surement: ATC anterior tibial cortex, PTA proximal tibial 
axis, CTA central tibial axis, MA mechanical axis, PTC 
posterior tibial cortex, FA fibular axis
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secutive female patients and found that the mean 
PTS varied up to 5° based on the axis chosen. It 
was 10.6° with the mechanical axis, 13.8° with 
the anterior tibial cortex, 10.8° with the proximal 
anatomical axis, 12.9° with the central anatomi-
cal axis, 7.8° with the posterior tibial cortex, and 
9.5° with the fibular shaft diaphysis.

The ATT is defined as the distance between 
two lines parallel to the posterior tibial cortex: 
the first, tangent to the posterior aspect of the 
medial tibial plateau, and the second, tangent to 
the posterior femoral condyles. Static ATT is 
measured on monopodal weight-bearing radio-
graphs with the knee flexed by 20° (Fig. 12.1). 
The dynamic tibial translation (DTT) measure is 
realized by using the Telos™ stress device (Telos 
GmbH, Marburg, Germany) with 150 N at 20° of 
knee flexion and the side-to-side difference 

(SSD) between the injured and healthy knee is 
then calculated (Fig. 12.3).

The patellar height is expressed by the Caton–
Deschamps index [31, 32].

The presence of radiographic signs of osteoar-
thritis is graded following the classification of 
Ahlback [15].

It is also important to consider the presence of 
meniscal lesions or previous menisectomy that 
could exacerbate the effects of a high PTS. The 
recent study of Lustig et  al. [23] demonstrated 
how “soft tissue tibial slope”, measured using 
magnetic resonance imaging (MRI), is influenced 
by menisci which shift the tibial slope toward the 
horizontal.

In this regard, it has to be mentioned that 
much of what is known about the geometry of the 
asymmetric, three-dimensional, osseous portion 

DTT = 1,3 cm DTT = 4,4 mm

DTT DTT

Fig. 12.3  Dynamic 
tibial translation (DTT)
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of the tibial plateau is based on two-dimensional 
measurements obtained from lateral radiographs. 
With that approach, it is difficult to differentiate 
between the medial and lateral aspects of the pla-
teau because they are superimposed.

As such, Hashemi et al. [33] performed the 
slope measurements with the accepted radio-
graphic methods using MRI (Fig.  12.4a–c), 
which allowed them to characterize the slope of 
the tibial plateau at the center of the articular 

Fig. 12.4  Magnetic resonance images illustrating the 
method used to determine the medial and lateral tibial 
slopes. (a) The sagittal plane (represented by the green 
lines in the axial view at the center of the tibial spines) 
was used to determine the orientation of the diaphyseal 
axis in the sagittal plane. The axis L is the line connecting 
the midpoints of the lines 1 and 2 drawn at 4–5 cm from 
the joint line. (b) The axis L is copied and pasted in the 
sagittal plane (represented by the green lines in the axial 

view) that can clearly show the orientation of the tibia. 
The peak anterior and posterior points on the tibial plateau 
are identified (A and B) and a line perpendicular to the 
axis is drawn (P). The slope of the line extending between 
A and B represents the medial tibial slope, and it is mea-
sured by the angle between the line itself and the line P. (c) 
The same procedure is utilized in order to measure the 
lateral tibial plateau slope

L
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surfaces of both the medial and lateral 
compartments.

Furthermore, they advocate for measuring the 
depth of the concavity of the medial compart-
ment to better characterize the complex three-
dimensional geometry of the tibial plateau. A 
deep medial plateau will constrain the femoral 
condyle to a greater extent and result in increased 
resistance to displacement of the tibia relatively 
to the femur. Conversely, the combination of a 
high medial tibial slope and low depth of concav-
ity may be associated with a decreased resistance 
to displacement of the tibia relative to the femur, 
placing the knee at increased risk for ligament 
injury.

These recent findings indicate that a surgeon 
will need to combine the assessment of radio-
graphic images and MRI in order to have a more 
complete idea of the three-dimensional geometry 
of the “soft tissue tibial slope” and the knee kine-
matics for each patient.

12.4	 �Clinical Application

The importance of the adverse effect of a high 
PTS on the ACL biomechanics has been con-
firmed by many clinical studies, evaluating the 

correlation between PTS and the rate of native 
and grafted ACLs (re-)rupture.

Regarding primary ACL injuries, Sonnery-
Cottet et al. [34] performed a case-control study 
comparing a study group of 50 patients who had 
sustained an isolated, complete rupture of the 
ACL and a control group of 50 patients who had 
consulted for other reasons to determine whether 
there was a difference in the PTS and notch width 
index (NWI) between them. They found a statis-
tically significantly steeper PTS and narrower 
NWI in the patients with a ruptured ACL than in 
the uninjured group. Waiwaiole et  al. [35] 
reviewed medical records of 221 patients who 
underwent MRI of the knee between January 
2003 and December 2009 and separated them 
into two subgroups: a study group of 107 subjects 
who had undergone surgery for ACL injury and a 
control group of 114 patients diagnosed with 
patellofemoral syndrome. They found signifi-
cantly greater values for lateral PTS (6°  ±  4°; 
P < 0.001) and medial PTS (7° ± 4°; P = 0.002) 
in the study group compared with controls 
(5° ± 3° and 5° ± 4°, respectively). They found 
also a statistically significant relationships 
between young age and lateral PTS with ACL 
injury. Zeng et al. [36] performed a case-control 
study containing 146 patients in total (73 non-
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Fig. 12.4  (continued)
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contact ACL injuries and 73 meniscus injuries) 
and found that the mean PTS of the ACL-injured 
group was significantly higher than that of the 
control group (P < 0.001).

Historically, anatomic features such as an 
increased PTS or narrow intercondylar notch 
have not been routinely addressed during ACL 
reconstructions, despite the biomechanical stud-
ies documenting their negative effect on the ACL 
graft. As such, there are many studies that inves-
tigated the correlation between them and the risk 
of ACL graft failures.

Webb et  al. [37] enrolled 200 consecutive 
patients who underwent primary ACLR with 
hamstring autografts in a prospective longitudinal 
study over 15 years and found that the mean tibial 
slope was significantly greater in patients with 
ACL graft tear (50 of them) compared with 
patients with no further injury (9.9° vs 8.5°). The 
mean PTS for those with both an ACL graft and 
contralateral ACL rupture was 12.9°. Patients 
with a tibial slope of 12° or higher had an odds 
ratio of further ACL injuries increased by a factor 
of 5, to an incidence of 59%. Christensen et  al. 
[14] compared, in a case-control study, 35 patients 
with early (within 2  years) failure of primary 
ACLR with 35 control patients who underwent 
ACLR with a minimum of 4 years of clinical fol-
low-up and no evidence of graft failure. They 
compared their lateral tibial posterior slope 
(LTPS) and they found it to be significantly higher 
in the early ACL failure group (8.4° vs 6.5°; 
p = 0.012), with a 1.6, 2.4, and 3.8 odds ratio for 
graft failure considering respectively a 2°, 4°, and 
6° increase in the LTPS value. The most striking 
correlation between an increasing LTPS and graft 
failure was observed in women. In this popula-
tion, a 4° change in the slope increased the risk of 
graft failure nearly five times, and a 6° change 
resulted in over ten times the increased risk. 
Lately, Salmon et al. [38] further highlighted the 
negative effect that a steep PTS has on ACL grafts. 
They reviewed 179 patients who underwent iso-
lated primary ACLR with hamstring autograft and 
they found out that ACL graft survival was signifi-
cantly affected by age <18  years at the time of 
reconstruction (hazard ratio, 3.3; 95% CI, 1.7–
6.4; P = 0.001) and a PTS of 12° or more (hazard 

ratio, 3.1; 95% CI, 1.5–5.9; P = 0.001), while con-
tralateral ACL injury was significantly affected 
only by a PTS of 12° or more (hazard ratio, 7.3; 
95% CI, 3–18; P = 0.001). In particular, adoles-
cents with a tibial slope of 12° or more were 11 
times more likely to rupture their ACL graft and 
seven times more likely to rupture their contralat-
eral ACL than were adults with tibial slopes of 
12° or less. At 20 years, the ACL survival for ado-
lescents with a PTS of 12° or more was 22%, 
showing the catastrophic effect of tibial slope on 
further ACL injuries.

The negative correlation between PTS and 
ACL graft survival has also been shown in cases 
of combined ACL reconstruction and alignment 
correction osteotomies addressing chronic cases 
of early osteoarthritis and instability. It is well 
known that bony procedures treating coronal 
deformity can incidentally change the PTS and 
affect the sagittal balance. Schuster et al. [39] ret-
rospectively evaluated 50 cases of combined high 
tibial osteotomy (HTO), ACL reconstruction, and 
chondral resurfacing (CR, abrasion plus micro-
fracture), and analyzed the graft failure rates in 
relation to the tibial slope. They found that graft 
insufficiency was strongly dependent on tibial 
slope, with a failure rate of 7% in cases of post-
operative tibial slope <7.5°, 24% in cases of slope 
between 7.5° and 12.5°, and 36% in cases of 
slope >12.5°.

Finally, some studies have shown a high PTS 
in rare cases of congenital absence of the 
ACL.  Frikha et  al. [40] presented a descriptive 
analysis of 8 knees with congenital agenesia of 
the ACL in five patients of the same family and 
they found that the tibial slope was increased in 
all knees (mean 20.6°).

All of this evidence draws attention on PTS as 
an important and independent risk factor for ACL 
(re)rupture and instability. It becomes crucial, 
then, to address this feature in cases of 
ACL-deficiency.

A high PTS can be associated with deformi-
ties in the coronal plane (frequently a double 
varus), and in these cases it is recommended to 
combine the ACL reconstruction with a HTO.

In general, the tibial slope tends to increase 
after opening-wedge HTO while it has an inverse 
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tendency after closing-wedge HTO [41, 42]. Arun 
et al. [43] retrospectively analyzed data from 30 
patients who underwent arthroscopic ACLR along 
with medial opening-wedge osteotomy, measur-
ing preoperative and postoperative tibial slopes. 
They found that patients who had a PTS decrease 
of 5° or more postoperatively had the best results 
compared with the others in terms of ACL graft 
survival and functional outcomes. Thus, they sug-
gested that placing the tricortical graft posterior to 
midline in the opening wedge could reduce the 
PTS and, consequently, the stress on the graft, 
leading to better functional outcomes.

However, not all patients who present with an 
increased PTS has a coronal plane deformity or 
arthritis issues. In order to properly treat these 
patients, it has been suggested that decreasing the 
PTS could potentially protect ACL grafts and 
reduce the risk of failed revisions. As such, sev-
eral authors have described a deflexion osteot-
omy performed with an anterior closing-wedge 
osteotomy.

That is a complex and technically demanding 
procedure, and limited studies can be found in 
literature about it.

In the first article, Dejour et al. [13] reported a 
series of 22 knees with chronic anterior laxity 
and excessive PTS (average 16.5°). Four of them 
were isolated tibial deflexion osteotomies while 
the other 18 were combined with ACLR. Better 
clinical results were observed in the latter group. 
PTS was corrected to an average of 7° postopera-
tively. ATT in monopodal stance decreased from 
12.5  mm preoperatively to 3  mm at last 
follow-up.

Sonnery-Cottet et al. [6] retrospectively evalu-
ated five patients after a slope-reducing anterior 
closing-wedge osteotomy in combination with an 
ACL re-revision after a mean 32 months follow-
up. All patients presented an excessive PTS as an 
intrinsic risk factor for graft failure. The mean 
PTS decreased from 13.6° preoperatively to 9.2° 
postoperatively and the anterior laxity measured 
with the KT-1000 arthrometer decreased from 
10.4  mm to 2.8  mm. As regards clinical out-
comes, Lysholm score and IKDC score both 
improved from preoperatively to the last follow-
up and the mean Tegner activity score reached 

the same level as before the last ACL injury (7.4 
and 7.2).

Finally, Dejour et  al. [15] reported the out-
comes, at a minimum of 2-year follow-up, of 
nine patients that underwent second revision 
ACLR combined with tibial deflexion osteotomy 
for a high PTS value (all patients had a 
PTS  >  12°). The mean PTS decreased from 
13.2° ± 2.6° (median 13°; range 12–18°) preop-
eratively to 4.4° ± 2.3° (median 4°; range 2–8°) 
postoperatively. With regard to the clinical out-
comes, the mean Lysholm score was 73.8 ± 5.8 
(median 74; range 65–82), and the IKDC-SKF 
was 71.6 ± 6.1 (median 72.8; range 62.2–78.5) 
showing satisfactory results and suggesting that 
tibia slope correction protects reconstructed 
ACLs from fatigue failure.

12.5	 �Indications 
and Contraindications

In patients with multiple ligament tears and sur-
geries, it is of paramount importance to carefully 
analyze the causes of the previous failures and to 
address the risk factors in order to avoid another 
rerupture. The authors, therefore, recommend a 
correction of the PTS with an anterior closing-
wedge osteotomy in patients with a failed ACLR 
and a PTS  >  12°. Contraindications include 
hyperextension (>10°), a significant deformity in 
the coronal plane, and end-stage osteoarthritis. In 
patients with more than 10° of hyperextension, it 
is not possible to perform the osteotomy because 
it would generate an excessive genu recurvatum 
while patients with lower degree of hyperexten-
sion (0–10°) are treated like all the other. Since 
there are very few studies reporting outcomes of 
slope reduction techniques, there is still no con-
sensus regarding their indications and 
contraindications.

12.6	 �Preoperative Planning

All the patients must undergo a standard radio-
graphic evaluation as explained before. The PTS 
must be carefully measured and the amount of 
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slope correction is estimated in order to obtain a 
PTS between 3° and 5° considering 1  mm of 
resection equal to 1° of correction.

12.7	 �Surgical Technique

In the literature, there are two surgical techniques 
described to perform a tibial deflexion osteotomy. 
Originally, Dejour et  al. [13] proposed an 
approach to the osteotomy site above the patellar 
tendon insertion. On the contrary, Sonnery-Cottet 
et al. [6] proposed to detach the tibial tubercle to 
reach the osteotomy site 4 to 5 cm distal to the 
joint line. The main advantages of the original 
procedure are that it maintains the patellar height 
while keeping both the patellar tendon and tibial 
tuberosity intact, though it is technically chal-
lenging to position the osteotomy at the appropri-
ate level above the anterior tibial tuberosity. The 
alternative procedure allows more comfortable 
exposure of the osteotomy site, but it requires 
detachment of the patellar tendon and the tibial 
tuberosity, which may be associated with 
increased morbidity and tougher rehabilitation.

In the technique proposed by the authors, the 
patient is positioned in the supine position and a 

tourniquet is placed high on the thigh. A lateral 
post at the level of the tourniquet maintains the 
leg position in the frontal plane, and a distal sup-
port holds the knee at 90° of flexion, allowing full 
range of motion when desired (Fig. 12.5).

The first step is the harvesting of the autograft, 
depending on where the previous grafts were 
taken (hamstrings, patellar tendon, or quadriceps 
tendon).

Second, the knee is arthroscopically assessed 
through the anterolateral and anteromedial por-
tals, in order to evaluate the status of the cartilage 
and the menisci, as well as the shape of the inter-
condylar notch (a notchplasty is performed if 
needed) and previous tunnel positions. Third, the 
femoral and tibial tunnels are drilled to match the 
graft diameter, but the graft is not yet inserted. 
Fourth, all meniscal interventions (either menis-
cal suture or removal) are performed if required. 
Fifth, the tibial deflexion osteotomy is performed 
through an anterior longitudinal incision medial 
to the tibial tuberosity. The deep medial collateral 
ligament and the iliotibial band on Gerdy’s tuber-
cle are detached up to the posterior part of the 
tibia, in order to expose the place of the osteot-
omy site, and the patellar tendon insertion on the 
tibia. Detachment of the tibial tubercle is not nec-

Fig. 12.5  The knee is 
positioned at 90° of 
flexion with fluoroscopy 
ready to be utilized 
during surgery
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essary because the osteotomy is performed at the 
level of the insertion of the patellar tendon and a 
biplanar osteotomy will be done. Two monocorti-
cal parallel K-wires are positioned under fluoros-
copy on both sides of the patellar tendon aimed 
towards the posterior tibial cortex, 1  cm below 
the joint line. The level of the osteotomy always 
starts at the superior margin of the patellar tendon 
insertion and continues distally. Other two mono-
cortical parallel K-wires are positioned distally in 
accordance with the amount of correction decided 
at the preoperative planning. They are orientated 
distally to proximally aiming to the end of the 
first two K-wires and their position is controlled 
under fluoroscopy (Fig.  12.6). The K-wires are 
placed until their tips are 10 mm away from the 
tibial plateau surface just below the tibial inser-
tion of the posterior cruciate ligament. These 
4  K-wires will serve as the guide for the bone 
cuts for the closing wedge osteotomy (Fig. 12.7). 
The first bone cut will be exactly behind the tibial 
tubercle in the coronal plane in order to perform 
a biplanar osteotomy. The tibia is then osteoto-
mized cutting under the proximal pins (to be sure 
not to violate the joint cartilage), keeping the 
posterior cortex intact as a hinge. The patellar 
tendon is protected from the oscillating saw using 

spreaders. Before the distal osteotomy is exe-
cuted, the measurement of the correction is con-
firmed. The distal osteotomy is performed with a 
convergent orientation toward the posterior part 
of the proximal osteotomy. The proper orienta-
tion of the saw is assessed under fluoroscopic 
guidance. In patients with a slightly varus-valgus 
deformity, the osteotomy can also be 
2-dimensional with an anterior and lateral-medial 
based wedge respectively.

After making the distal cut, the anterior wedge 
of bone is removed (Fig. 12.8a, b). With the intact 
posterior cortex acting like a hinge, the osteot-
omy gap can be decreased by manipulation of the 
limb. To decrease the gap, it is possible to push 
down on the proximal tibial plateau, or simply 
extend the leg. Extending the leg will exert pres-
sure through the femoral condyles onto the tibial 
plateau. The amount of slope correction is con-
firmed and measured under fluoroscopy. Then the 
osteotomy fixation is achieved using two staples 
on both sides of patellar tendon (Figs. 12.9 and 
12.10). After osteotomy fixation (checked at fluo-

Fig. 12.6  The 4  K wires are positioned under fluoros-
copy, aiming just below the tibial insertion of the posterior 
cruciate ligament

Fig. 12.7  The 4 K wires will serve as the guide for the 
bone cuts
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roscopy), the final step is completing the ACL 
graft. The tibial tunnel is gently hand-redrilled to 
debride tibial tunnel from bone fragments. The 
graft is then pulled and fixed using interference 
screws or suspensory fixation. The fixation is 

done at 90° of flexion in order to give a little bit 
of stiffness to the knee in order to compensate for 
the negative effect of the “genu recurvatum” 
caused by the osteotomy. As a final step, a double 
fixation of the graft is obtained by passing the 
sutures under the staples and tying them together 
firmly.

12.8	 �Postoperative Rehabilitation

After surgery, patients are immobilized in an 
extension brace during transfers, in order to 
address the “genu recurvatum”, and weight bear-
ing is not allowed for the first 3 weeks. According 
to the patient tolerance, nonaggressive rehabilita-
tion is immediately begun with passive and active 
motion exercises and full range of motion. The 
main objectives in the first phase are reduction in 
knee swelling, quadriceps control, and recovery 
of range of motion, while always avoiding hyper-
extension. After 3 weeks, weight bearing is grad-
ually progressed in the extension brace with the 
goal of full weight bearing at day 45. Afterward, 
patients are placed on a standard phase 2 ACL 
protocol from days 45 to 90, with swimming and 
cycling activities. They are finally moved to 
phase 3 for 3 months (3–6 months post- opera-
tion), during which the schedule comprises a pro-

a b

Fig. 12.8  (a) The anterior wedge of bone is removed. (b) and the osteotomy is checked under fluoroscopy

Fig. 12.9  Osteotomy fixation
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gressive return-to-sport program. After 6 months, 
isokinetic and functional tests are performed: 
patients can return to full sports activities if they 
have a good quadriceps/hamstrings ratio and 
muscle recovery comparable with the contralat-
eral side.

12.9	 �Conclusions

Preliminary outcomes of ACLR combined with 
anterior closing-wedge osteotomy in patients 
with ACL re-ruptures and high PTS show prom-
ising results in restoring good knee stability, sat-
isfactory functional levels, and reduced recurrent 
failures. The authors emphasize the importance 
of this procedure since it is the only way to prop-

erly address the increased forces produced by 
high values of PTS to which ACL grafts are sub-
jected, even while standing and during normal 
activities like walking [44].

Given the mounting evidence from recent 
studies of the strong correlation between high 
PTS and ACL re-rupture rate as well as the prom-
ising results obtained by the deflexion osteotomy 
procedure, it is worth discussing whether this 
intervention may also be indicated in the high-
risk patient with primary ACL ruptures 
(PTS > 15° and/or ATT > 10 mm in monopodal 
weight-bearing).

Larger series and longer follow-up are needed, 
however, to confirm the efficacy of this tech-
nique, considering that still few studies are pub-
lished on this topic.

a b

ATT = 20 mm

ATT = 5 mm

10°

18°

Fig. 12.10  Comparison 
between the PTS and the 
ATT from (a) 
preoperative and (b) 
postoperative in the 
lateral view
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