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Abstract

Purpose The purpose of this study was to report the long-term outcomes of a continuous series of patients who underwent
simultaneous anterior cruciate ligament (ACL) reconstruction and opening wedge high tibial osteotomy (HTO) for varus-
related early medial tibio-femoral osteoarthritis. It was hypothesized that this combined surgery sustainably allowed return
to sport with efficient clinical and radiological results.

Methods From 1995 to 2015, all combined ACL reconstruction (bone-patellar tendon-bone graft) and opening wedge HTO
for anterior laxity and early medial arthritis were included. Clinical evaluation at final follow-up used Tegner activity score,
Lysholm score, subjective and objective IKDC scores. Radiologic evaluation consisted in full-length, standing, hip-to-ankle
X-rays, monopodal weight-bearing X-rays and skyline views. AP laxity assessment used Telos™ at 150 N load. Student’s
t test was performed for matched parametric data, Wilcoxon for nonparametric variables and Friedman test was used to
compare small cohorts, with p <0.05.

Results 35 Patients (36 knees) were reviewed with a mean follow-up of 10 +5.2 years. The mean age at surgery was 39 +9.
At final follow-up 28 patients (80%) returned to sport (IKDC >B): 11 patients (31%) returned to sport at the same level and
6 (17%) to competitive sports. Mean subjective IKDC and Lysholm scores were 71.8 +14.9 and 82 + 14.1, respectively. The
mean decrease of the Tegner activity level from preinjury state to follow-up was 0.8 (p <0.01). Mean side-to-side difference
in anterior tibial translation was 5.1 + 3.8 mm. Three patients were considered as failures. The mean preoperative mechanical
axis was 4.2° +2.6° varus and 0.8° +2.7° valgus at follow-up. Osteoarthritis progression for medial, lateral, and femoro-
patellar compartments was recorded for 12 (33%, p <0.05), 6 (17%, p<0.001), and 8 (22%, p <0.05) knees, respectively.
No femoro-tibial osteoarthritis progression was observed in 22 knees (61%).

Conclusions Combined ACL reconstruction and opening wedge HTO allowed sustainable stabilization of the knee at 10-year
follow-up. However, return to sport at the same level was possible just for one-third of patients, with femoro-tibial osteo-
arthritis progression in 39% of cases.

Level of evidence III.
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Abbreviations

HTO  High tibial osteotomy

ACL  Anterior cruciate ligament

MOW Medial opening wedge

BTB  Bone-patellar tendon-bone

IKDC International Knee Documentation Committee
Introduction

Valgus producing high tibial osteotomy (HTO) remains
an accepted intervention in selected patients with medial
femorotibial osteoarthritis and coexisting varus alignment,
especially in the young with mild or moderate disease [18].
It has shown to be a durable intervention, capable of more
than 80% good results at 5 years and more than 70% good
results at 10 years [21] with high propensity for patients
to return to work and sport [14]. HTO can be considered a
clinically successful procedure that allows the active patient
with symptomatic mild osteoarthritis of the knee to return
to regular and sustained sporting activities [6, 16, 19, 36].

Reflecting the contribution of instability to rapid degener-
ation of the knee, early indications for HTO called for intact
cruciate ligaments [8]. Surgery combining anterior cruciate
ligament (ACL) reconstruction and HTO was first described
in 1992 by O’Neill and James [35]. The aim of this inter-
vention was to eliminate symptoms of pain and instability
and to delay osteoarthritis in the young patient if possible
[25]. Several authors have reported the clinical results of this
procedure, although follow-up is typically limited [5, 7, 11,
24,32, 33, 38, 42]. Few studies report medium or long-term
results of combined ACL reconstruction and medial opening
wedge (MOW) HTO [38, 42]. In particular, very few studies
have described return to sport, which may be of relevance
when considering the intended patient demographic [5, 7,
25, 38, 42].

The aim of this study was to evaluate the long-term activ-
ity outcome for a series of patients undergoing combined
MOW HTO and ACL reconstruction. The hypothesis was
that this procedure would allow sustained return to sporting
activity. The secondary aims were to describe the subjective,
objective, and radiological results as well as the morbidity
of combined surgery.

Materials and methods

This retrospective, single centre study, involved a consecu-
tive series of patients undergoing surgery between 1995
and 2015. Proximal tibial valgus producing osteotomy was
performed by means of a MOW. Preoperative planning was
performed to determine the desired correction with a post-
operative target axis between 0° and 3° of valgus. During

the same procedure, ACL reconstruction was performed
using a bone-patellar tendon-bone (BTB) autograft. A lateral
tenodesis was performed in cases of high-grade preopera-
tive knee laxity (grade 3 pivot shift test, side-to-side differ-
ence> 10 mm with the radiologic Telos® test).

All patients who had undergone combined ACL recon-
struction and MOW HTO during the review period were
considered for inclusion. Those with radiological evidence
of degenerative changes involving the medial femorotibial
compartment, coexisting varus mechanical alignment on
long leg weightbearing radiographs, associated chronic
anterior laxity, and a minimum of 2-year follow-up were
included.

Exclusion criteria included excessive constitutional varus
alignment more than 6° [39] without signs of osteoarthritis,
severe knee pathology defined by International Knee Docu-
mentation Committee (IKDC) radiological stage D, the pres-
ence of lateral or posterolateral laxity, or prior ACL recon-
struction using an isolated synthetic ligament. Conversely,
failure of a prior ACL reconstruction using autograft was
not an exclusion criteria.

Patients were evaluated at 1 year postoperatively and last
follow-up using the subjective and objective IKDC 2000
score [20].

Sporting activity and return to sport were evaluated by the
Lysholm-Tegner score [26, 37] and IKDC subjective score
at the time of last follow-up.

Radiological review was performed preoperatively, at
1 year, and at last follow-up. This consisted of anteroposte-
rior and lateral X-rays in monopodal stance, standing Schuss
views at 45° of flexion, full-length standing anteroposterior
alignment films (Fig. 1), and patellar skyline views [12].
Bilateral, comparative anterior stress views at neutral and
30° flexion were obtained using the Telos® device applying
150 N of force [10].

Tibiofemoral lesions were staged radiologically according
to the IKDC classification [20]. Patellofemoral osteoarthritis
was described according to the Iwano classification [22].
Posterior tibial slope, using the proximal anatomical tibial
axis method [10], strongly correlated to the mechanical tibial
axis [41], as well as patellar height, according to Caton and
Deschamps [9] and Blackburne-Peel ratios [4], were meas-
ured on the weightbearing lateral X-ray. The mechanical
tibiofemoral angle was calculated in full-length, standing,
hip-to-ankle X-rays. Anterior tibial translation was measured
in millimeters on the monopodal stance and comparative
stress (Radiologic Lachman) lateral views, as the displace-
ment of the posterior edge of the medial tibial plateau from
the posterior edge of the medial femoral condyle, measured
perpendicular to a line projected along the posterior tibial
diaphysis [12].

Complications were recorded. Patients requiring revi-
sion osteotomy or arthroplasty were considered failures,
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Fig. 1 Full length standing anteroposterior alignment films with post-
operative valgus at final follow-up review (10 years)

as were patients with ACL graft rupture or revision ACL
reconstruction.

Surgical procedure

In all cases, a MOW HTO and BTB autograft ACL recon-
struction was performed.

The tibial bone block of the BTB autograft was harvested
in a trapezoidal shape so as to obtain a press fit in the femo-
ral tunnel. A standard rectangular patellar bone block was
harvested.

Prior to passage of the graft, the HTO was performed. A
cortico-cancellous iliac crest bone graft was used and stable
fixation of the osteotomy was then achieved using two or
three metal staples (Fig. 2).

Patency of the tibial tunnel was checked. The trapezoidal
bone block of the ACL graft harvested from the tibial side
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Fig.2 Bi-planar MOW HTO. Stable fixation of the osteotomy was
achieved using two or three metal staples after cortico-cancellous
iliac crest bone graft

was impacted into the femoral condyle to achieve a press fit.
Tibial fixation was achieved by a combination of metal wire
or non-absorbable suture and cortical screw, then augmented
with an interference screw. An extra-articular lateral tenode-
sis was performed in four cases, using a modified Lemaire
type procedure, fixed in the femoral tunnel thanks to the
press fit of the ACL graft impacted in the femoral tunnel.

Rehabilitative protocol

Patients were placed in a knee immobilizer immediately
postoperatively, and an X-ray was obtained. Low molecular
weight heparin was routinely administered for 30 days at
prophylactic dose. The patient was advised to start static
quadriceps exercises immediately when motor function
returned. They were instructed to non-weightbear, with the
knee immobilizer in place, for 6 weeks.

Closed chain range of motion exercises were started at
the end of 2 weeks, not to exceed 120° of flexion during the
first 6 weeks. Full weight bearing was allowed at the end
of 6 weeks if repeat X-ray at this time showed callus. Fol-
lowing this appointment, routine clinical review with plain
X-ray occurred at 6 weeks and 12 months postoperatively.
At 12 months review, Telos stress radiographs were also
performed.
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Statistical analysis

Statistical analysis was performed using software R. The
value adopted for the threshold of significance was set for a
p of less than 0.05. Comparison of continuous quantitative
variables, after verifying their normal distribution using a
Pearson’s test, was performed using a Student’s ¢ test for
matched parametric data, and one Wilcoxon test was used for
the comparison of nonparametric variables. A Friedman test,
adapted to small numbers, was used to compare the func-
tional evolution according to IKDC scores and osteoarthritis.

A study power of 0.9, associated with a median size effect
d=0.6 (acceptable for a comparison of pre and postoperative
data for same patients) need a minimal study population of
31 patients.

Results

Fifty-four combined MOW HTO and ACL reconstruction
were performed. Fourty-five patients met inclusion crite-
ria, and 35 patients (36 knees) were evaluated at an average
follow-up of 9.8 +5.2 years. Table 1 describes demographic
data. 16 patients (44%) had prior ACL reconstruction, then
new injury with iterative ACL rupture.

Table 2 shows the sports level at review. Eleven patients
(35%) returned to their previous activity level. Six patients
were able to return to competition. Patients with a preinjury
Tegner score between 3 and 6 (N=20) had a reduction to
follow-up of 0.4 points (NS). Patients with a preinjury Teg-
ner score above 6 (N=12) had a significant reduction to
follow-up of 2.1 points (p <0.001), with 4 patients returned
at the same level.

The mean subjective IKDC score at follow-up was
71.8+14.9. The mean improvement in the subjective IKDC
score between preoperative and follow-up was 30.2 points
(p <0.001). Thirty-one patients (88%) in this series would

Table 1 Demographic data

Total cohort 35

Male patients 24 (68.6%)
Female patients 11 (31.4%)
Right knee 20 (57%)
Left knee 15 (43%)
Mean age at the surgery (years) 39.1+9
Mean time from first injury to surgery (months) 87.4+16.3
Previous surgery 24 (69%)
ACLR 13 (36%)
ACLRR 3 (8%)
Medial meniscectomy 15 (42%)

ACLR anterior cruciate ligament reconstruction, ACLRR anterior cru-
ciate ligament reconstruction revision

Table 2 Preinjury, preoperative and final follow-up activity levels

Activity level Preinjury ~ Preoperative  Final FU
IKDC (N)
Very intense (soccer) 7 (20%) 0 2 (6%)
Intense (skiing, tennis) 13 37%) 3 (9%) 8 (23%)
Moderate (jogging) 10 (29%) 8 (23%) 18 (51%)
Gentle (gardening) 5 (14%) 24 (68%) 7 (20%)
Mean Tegner score 5.6+2 35+1.6 4.6+1.7
p<0.001

recommend this intervention to others and were satisfied or
very satisfied. The mean Lysholm score at follow-up was
82.1+14.1.

All patients had symptomatic chronic anterior instability
preoperatively and abnormal physical examination. On pre-
operative clinical examination, Lachman test was lax with
a soft end point for 33 patients (94%), and Pivot shift was
abnormal for 31 patients (89%).

At follow-up Lachman test was normal in 22 cases (63%),
lax with a firm end point 11 cases (31%), and a soft end
point in 2 cases (6%). The pivot shift was normal in 26 cases
(74%), a glide was found in 7 cases (20%), and a clunk in 2
(6%). At follow-up there was a significant average between
sides loss of flexion 10° (p <0.001).

The distribution of the population according to the objec-
tive IKDC classification is shown in Table 3. One patient
needed a total knee replacement and was rated as D. At
follow-up, 61% were rated IKDC grade A or B.

Radiographic results are shown in Tables 3 and 4. Three
knees (8%) remained in varus alignment postoperatively.
Twelve knees (33%) had progressed from a grade to the
internal femoro-tibial interline with significant aggravation
(p=0.02). Lateral compartment osteoarthritis was found
in 17% of patients at follow-up (Fig. 3). Two patients had

Table 3 Clinical and radiological parameters

Parameters Preoperative  Final follow-up p

Objective IKDC score (N)

A 0 6 (16.7%) <0.001
B 0 16 (44.4%)
C 15 (41.7%) 8 (22.2%)
D 21 (58.3%) 6 (16.7%)
mFTA (°) 175.8+2.6 180.8+2.7 <0.001
Posterior tibial slope (°)  8.7+2.4 9.3+3.8 NS
Caton-Deschamps Index  1.0+0.2 0.9+0.1 <0.001
Comparative radiologic ~ 9.9+5.1 5.1+3.8 <0.001
lachman (mm)
Single-leg stance (mm)  6.3+3.8 3.4+4.7 <0.001

mFTA mechanical femoro-tibial angle
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Table 4 Development of osteoarthritis at final follow-up according to IKDC radiographic score and Iwano classification

Radiological IKDC Medial tibiofemoral compart- Lateral tibiofemoral compart- IWANO classification  Patello-femoral compartment
score ment ment
Preoperative Final follow-up Preoperative Final follow-up Preoperative Final follow-up
Grade A (normal) 0 0 31(86.1%) 13 (36.1%) Stage 1 (remodelling) 32 (88.9%) 24 (66.7%)
Grade B (remodelling) 5 (13.9%) 4 (11.1%) 5 (13.9%) 17 (47.2%) Stage 2 (narrow- 4 (11.1%) 9 (25%)
ing <3 mm)
Grade C (pre-osteoar- 31 (86.1%) 24 (66.7%) 0 5(13.9%) Stage 3 (narrow- 0 3(8.3%)
thritis) ing>3 mm)
Grade D (osteoarthritis) 0 8 (22.2%) 0 1(2.8%) Stage 5 (bone on bone) 0 0
p 0.02 <0.001 P <0.001

narrowing of greater than 50%, at 13.5 and 16 years post-
surgery. No radiographic progression of tibiofemoral arthri-
tis was observed in 61% of the series. Patellofemoral joint
narrowing was observed at follow-up in 33% of patients,
compared with 11% preoperatively (p <0.001).

There was no correlation between subjective scores and
the radiographic presence of femorotibial or patellofemoral
osteoarthritis. Residual laxity, on both Telos stress X-ray
and monopodal stance X-ray, was correlated with worsen-
ing radiologic changes in the medial compartment (both
p<0.001). This was not found in the lateral or patellofemo-
ral compartments (NS).

Early postoperative complications included one hae-
matoma, two cases of deep vein thrombosis, one case of

Fig.3 a Radiological evaluation
preoperatively (left) and b at
12-year follow-up (right)
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donor site patellar tendinitis which resolved spontane-
ously, one case of complex regional pain syndrome. Late
complications included two cases of arthrofibrosis requir-
ing arthroscopic arthrolysis in both instances and resec-
tion of a cyclops lesion in one. Thirteen patients (37%)
underwent removal of prominent fixation hardware.

Three cases (8%) were considered as failures. There
was one revision osteotomy, performed for non-union in
a smoker patient, which was managed with bone grafting
and the use of a locking plate. There was one confirmed
ACL graft rupture, which occurred at 8 months following
surgery. There was one 60 years old patient requiring revi-
sion to a total knee arthroplasty.
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Discussion

The most important finding of this study was the good
clinical results at 10 years of combined anterior cruci-
ate ligament reconstruction and medial opening wedge
high tibial osteotomy, with low morbidity, good control
of anterior laxity, and no rapid progression of osteoarthri-
tis. This procedure can produce durable return to sporting
activity (about 80%), although typically not to a high level
with return at the same level possible just for one-third of
patients.

The improvement in activity following surgery found in
this study is consistent with other literature on this topic.
Dejour et al. [11] reported a return to leisure activities
for the majority of patients (about 60%), but return to
competitive sport was considered unrealistic. Similarly,
Neuschwander et al. [29] found a significant improvement
in clinical and functional scores, whilst generally being
unable to return to high level activity. Akamatsu et al. [1],
however, had greater success in patients with particularly
high athletic expectations, albeit in a very small number of
cases. At long-term follow-up, Boss et al. [7] reported that
52% of patients had a higher sport activity than preopera-
tively, but not back to their pre- injury performance level.

In this study, most of the patients had significantly
declined by follow-up at an average of almost 10 years.
This was particularly relevant as the preinjury level of
activity was high. At final follow-up, 11 (31%) had
returned to sport at their preinjury level, and 6 (17%) had
returned to competitive sport. Ten patients (29%) were
able to undertake IKDC very strenuous or strenuous Sports
activity.

Concerning the activity level after isolated HTO, recent
systematic reviews and meta-analysis [14, 19] showed that
87-94% of patients could return to sport, and 85% returned
to their pre-symptomatic sports level after knee osteoto-
mies. Bonnin et al. [6] in a multicenter retrospective study
showed that young motivated patients were able to resume
strenuous activities following HTO but had to be informed
that they would typically not recover their pre-pathology
level and that residual pain during strenuous sports was
not exceptional.

According to Oiestad et al. [34], participants who
returned to very strenuous activities (pivoting sport)
after ACL reconstruction were younger and had better
self-reported knee function in the early phase post- ACL
reconstruction. At 15-year follow-up, only 52% of 210
patients with a mean age of 39.1 + 8.7 years had returned
to pivoting sport.

This present study considered 36% of ACL reconstruc-
tion revisions among which 8% rate of iterative revisions.
After ACL reconstruction revisions, Webster et al. [40]

noted a 68% rate of patients who returned to their pre-
injury level of sport, compared with 83% after primary
reconstruction in the same patients.

There is limited literature examining long-term out-
come for combined ACL reconstruction and HTO. Bonin
et al. [5] reported a return to strenuous or very strenuous
physical activity in 47% of patients at an average follow-up
of 12 years, compared with 29% of patients in this study.
However, the group assessed by Bonin et al. had an average
age approximately 10 years younger than this group, which
could account for much of this difference. Trojani et al. [38]
reported good results at an average of 6-year follow-up, with
an overall return to sport in nearly 80% of cases, and strenu-
ous or very strenuous activity in nearly 50%. They found,
however, a return to the same level of competition for nearly
half of their patients, which is superior to this study. Their
study population also had an average age of about 10 years
less, and a shorter follow-up period.

Zaffagnini et al. [42] showed 62% of patients with recur-
rence with a Tegner activity level greater than or equal to 5
and 18% of patients returning to their pre-traumatic sports
level at an average of 6.5-year follow-up. In the present study
was describe a return to preinjury sporting level in one-third
of cases. The surgical technique in Zaffagnini’s study was
different, with lateral closing wedge osteotomy combined
with an “over the top” ACL reconstruction technique and
routine lateral tenodesis, with a shorter follow-up, making
direct comparison difficult.

Radiologically, the evaluation of the anterior—posterior
laxity showed a significant reduction in anterior tibial trans-
lation at follow-up, in side-to-side comparison stress X-ray.
However, the 5.1 mm differential found in this series was
slightly higher than that found in the literature [33, 38, 42].
This is possibly explained by a larger number of medial
meniscectomies [30, 31], and numerous previous surgical
procedures. In this study, there was a significant correlation
between residual laxity and progression of osteoarthritic
lesions. Residual instability due to cartilage damage caused
by shear forces and decreased meniscal capital are major
factors responsible for osteoarthritis in this setting [11].

Posterior tibial slope was not significantly increased post-
operatively. This result is in agreement with a recent French
multicentre comparative study [13], which found an average
increase of 0.6° for MOW osteotomy (average of 0.6° in
our study), compared with a decrease it by 0.7° for a lat-
eral closing wedge osteotomy. The absence of an increase
in the tibial slope contributes to better control of the laxity
and a reduced risk of rupture of the ACL graft [2, 27, 28].
However, a recent study by Arun et al. [3] showed that the
increase in tibial slope after this combined surgery was a
favourable factor in terms of subjective outcomes at 6 years
of mean follow-up. No such correlation was demonstrated
in this series.
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Indices of patellar height were on average significantly
reduced post-surgery, consistent with other literature find-
ings [15]. Flexion was significantly reduced compared to
the other side, by about ten degrees. This was also com-
mented on by the majority of patients, with difficulty
kneeling or bringing the heel to the buttocks.

One of the secondary objectives was to evaluate long-
term osteoarthritic progression following this technique.
Radiographic worsening of medial compartment osteoar-
thritis was found in less than one-third of patients (33%).
This result remains more important than other series
reported [5, 11, 38, 42]. Bonin et al. [5] found 17% of
patients worsened by one grade according to the IKDC
classification, however, their population was younger and
they used a lateral closing wedge technique in 25 out of
30 cases. Additionally, the angular correction in this study
was less than that compared to the other series [5, 33, 38,
42], and the latter worsened at the setback. Joint space nar-
rowing of greater than 50% was found in 22% of patients,
but only two cases of complete loss.

There were significant radiographic modifications of
lateral compartment. However, there was only one case
of narrowing of greater than 50%, which occurred in the
largest angular correction in this series, with a mechanical
femoro-tibial angle of 188° at review and a partial lateral
meniscectomy had been imposed during the procedure.
Hernigou et al. [17] reported significant deterioration of
the lateral compartment with over correction with more
than 6° valgus. Amis et al. [2] showed that in case of
overcorrection with excessive residual valgus, there is an
excessive contact pressure at the lateral part of the knee
due to the articular geometry with a less congruent lateral
compartment.

Osteoarthritic progression of the patellofemoral joint was
also significant, notably with loss of joint space laterally,
probably related to the patellar lowering. However, no cor-
relation can be established between lowering of the patella
and patellofemoral wear, possibly as the study was not suf-
ficiently powered to detect it.

A recent meta-analysis published by Li et al. [25] referred
to the possibility that this combined surgery would be com-
parable to an isolated reconstruction of the anterior cruciate
ligament. Although there has been concern that combined
HTO and ACL reconstruction could result in increased
morbidity, no serious complications were reported likely
due to the combined procedure [1, 23, 32-34]. Noyes et al.
[32, 33] suggested that in athletic patients with chronic
instability, early medial arthritis and varus deformity,
ACL reconstruction plus tibial osteotomy at the same time
should be favoured over osteotomy alone. In the present
study, arthroscopic arthrolysis was rarely necessary, being
required in two cases. This contrasts with the experience of
Akamatsu et al. [1], who reported stiffness with either graft

@ Springer

impingement or the presence of a cyclops lesion in all four
cases in their series.

In this series, three patients as failures were recorded. At
the time of final follow-up, one patient required revision to
a total knee replacement, 13.5 years following surgery at
the age of 60. The results of this study are in keeping with
other literature describing low rates of revision osteotomy,
ACL reconstruction, or to arthroplasty, albeit in cohorts with
younger patients and shorter follow-up [5, 25, 33, 38, 42].
Almost 9 out of 10 patients would repeat this procedure or
recommend it to a relative, reflecting the high level of satis-
faction achieved [25, 33, 38].

This study had several limitations. It was a retrospec-
tive study without a control group. The heterogeneity of the
study population in terms of initial arthritic degeneration,
meniscal status and surgical history make generalization of
results difficult. The size of the sample did not permit iden-
tification of many long-term prognostic factors. Reflecting
the duration of time post-surgery, there was a significant loss
to follow-up. There was probably a referral centre effect,
with more than one in three patients being referred following
multiple failed reconstructions, thus likely skewing func-
tional and radiological scores.

Conclusion

Combined anterior cruciate ligament reconstruction and
medial opening wedge high tibial osteotomy can produce
durable return to sporting activity, although typically not to
a high level. This procedure allows patients with early onset
medial compartment knee osteoarthritis and chronic anterior
cruciate instability to regain a stable knee at almost 10-year
follow-up, with a return to sporting activities in about 80%.
A significant decrease in sporting level is to be expected,
and patient counselling is important as the preinjury activity
level in the target patient demographic is high. Additionally,
this study has found associated low morbidity, good control
of anterior laxity, and no rapid progression of osteoarthritis.
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