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Abstract
Purpose Sometimes, total knee replacement (TKR) is performed after a tibial osteotomy. It is not known if the osteotomy
influences the clinical process of a TKR. The aim of this study was to look at the clinical outcome of a TKR after high tibial
osteotomy (HTO) compared to a TKR with no HTO.
Methods Between 1995 and 2005, 41 post-HTO TKRs (group A) with a minimum follow-up of ten years were selected. In
parallel, it was selected a control group undergoing simple TKR, consisting of 41 patients (group B) matched with group A. The
Knee Society Knee Score (KS), Knee Score Functional Score (FS), the Oxford Knee Score (OKS), and the range of motion
(ROM) were used for evaluation at one, five and ten years after surgery. The Insall-Salvatti ratio (ISR), the posterior tibial slope
(PTS), and the joint height line (JHL) were also measured both pre-operatively and post-operatively.
Results No differences were found between both groups in KS, FS, OKS, and ROM at the pre-operative stage or at any of the
post-operative controls. Higher patellar height was found in group A, both pre-operatively and post-operatively (p < 0.005), and
the same for PTS pre-operative (p < 0.001) and post-operative (p < 0.05). No differences were found regarding the JHL. Postoperative differences were found among the post-HTO subgroups at the FS (p < 0.02), the OKS (p < 0.05), and the ROM
(p < 0.01) as a function of whether there was a varus or a valgus deformity before the TKR.
Conclusion A HTO was not determinant for having a worse outcome at the TKR, even when there were radiographic differences.
The coronal alignment with valgus deformity pre-TKR after a HTO showed better functional results than in the case of varus
deformity.
Level of evidence III.
Keywords Total knee replacement . High tibial osteotomy . Anatomic femoro-tibial angle . Varus deformity . Valgus deformity

Introduction
High tibial osteotomy (HTO) is a surgical option for the treatment of osteoarthritic knees with unicompartmental
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affectation (medial), particularly in young patients as the joint
is preserved, thus delaying or eliminating the need for joint
replacements in the future. Much debate exists whether or not
a previous HTO influences the outcome and survival of a total
knee replacement (TKR). The conversion rates of an HTO to
TKR after ten years vary depending on the series, ranging from
23% [11] to 30% [21]. No differences were found between
patients with or without prior HTO after implanting a TKR
[1–4, 11, 12, 15, 19, 22–24, 27], whereas other studies show
worse results [5, 9, 18, 30]. Difficulties are to be found in the
complexity of the approach, in the residual ligament instability, or in the anatomic distortion of the tibial metaphysis [14,
24]. Most case studies, however, include patients with short
follow-up periods who were operated on by different surgeons
using different prostheses or compare groups that are not homogenous. Furthermore, it has not been previously
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established yet whether or not outcome of the TKR is influenced by whether or not the desired correction was achieved
and maintained with the previous HTO. Besides, there has
been no discrimination between patients with HTO before
TKA on the basis of whether the coronal angular correction
attempted was preserved or not following the HTO.
The aims of current study were to document the outcome of
a series of TKRs in knees that have a previous closing-wedge
HTO and to compare the outcome to a matched group of TKRs
in knees that did not have a previous HTO. The hypothesis was
that the outcome of a TKR is not affected by a previous HTO.

Material and methods
A total of 1365 patients subjected to primary TKR surgery, by
the same surgeon (JGB), between 1995 and 2005 were retrospectively reviewed, and 63 patients who had had a prior HTO
were selected. Of them, 41 knees in 41 patients were followed
up for at least ten years (group A). Twenty-two patients did not
get to ten year follow-up: eight died for causes not associated
to surgery and 14 patients stopped to coming to the doctor’s office and could not be located. In parallel, we selected a control
group consisting of 41 knees in 41 patients matched by age,
BMI, gender, coronal deformity, and follow-up time, which
was selected on the basis of the proximity to the day of the
operation of each of the patients in the HTO group (group B),
so that the patients who had been operated on the same day that
a post-HTO TKA was performed were preferably chosen. In
the event that on that particular day no patient met the coupling
criteria, patients who had been operated on the previous day
were selected or, failing that, the following day, and so on.
The average age of group A was 70 years, which was comparable to the 71 years in group B. Similarly, sex distribution
was similar for both groups: 32 women (9 men) in group A
and 30 women in group B (11 men). The BMI in group A was
31.2 and 30.2 kg/m2 in group B with no statistical differences
between both groups (Table 1).
Every HTO was performed at medical centers other than
those where the definitive TKR was undertaken and by different surgeons. The HTO was in all cases a lateral closing-

wedge high tibial osteotomy. In 18 cases, eight plates and
ten surgical staples, the removal of the surgical material was
performed during the surgical procedure itself; in eight
(staples) cases, no removal was required, and in 15 cases, it
had been removed elsewhere. The mean conversion time from
HTO to TKR was nine years (range 4–17). The same knee
prosthesis (Nex Gen LPS, Zimmer-Biomet, Warsaw, IN) was
used in all patients, and 32 implants from group A received a
patellar implant, whereas 33 patients did so in group B.
Replacement was decided if the femoro-patellar joint was affected intra-operatively or if it clinically presented pain at that
joint.
Patients were evaluated pre-operatively and postoperatively one year after surgery and subsequently every
two years until the seventh year when follow-up was every
three years. The pre-operative data and the post-operative data
after one, five and ten years were selected. They were evaluated using the Knee Society Score: divided into the Knee
Score (KS) and the Functional Score (FS), both on a 100point scale [16], and the Oxford Knee Score (OKS) [20], on
a 48-point scale; the range of motion (ROM) was also evaluated using a manual goniometer. These data were taken by a
single researcher (JGB). Patients began with early mobilization 12 hours after undergoing surgery with exercises assisted
by an isometric dynamometer. Partial load using canes began
24 hours after surgery. One cane was removed after one week
and the other after three weeks, when full load began.

Radiologic analysis
Pre-operative planning was carried out on freehand acetate Xrays by one of the surgeons (JE). Pre-operative and postoperative radiographs were analyzed by a single researcher
(XPC) using the Knee Society Roentgenographic Scoring
System [8], evaluating potential radiolucent lines and their progress and clinical impact [16]. Besides, the anatomic femoro-tibial
angles (FTA) were measured on the coronal plane in the weightbearing radiographs of anteroposterior view of the lower limbs
(both legs), with values below 180° for valgus and above that
figure for varus. The radiographs were calibrated using a 1-cm
coin next to the studied knee. The joint line height (JLH) was

Table 1 Descriptive data
Age (years)
Sex, woman (man)
BMI (kg/m2)
Patellar replacement
Follow-up (years)
Complications
Deaths after 10 years

Group A (41)

Group B (41)

p value

70 (range 52–84)
32 (9)
31.2
32
12.1
1
3

71 (range 56–86)
30 (11)
30.2
33
12.3
0
6

0.451
0.631
0.794
0.514
0.363
0.284
0.173
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measured in the anteroposterior radiograph [19]. Besides, the
Insall-Salvati ratio (ISR) [17], posterior tibial slope (PTS) [1],
and the joint line height (JLH) [2] were assessed in lateral views.
This study is in accordance with the fundamental principles
laid down in the Helsinki Declaration, the Council of Europe
Convention on Human Rights and Biomedicine, as well as the
regulations under Spanish law regarding biomedical research,
the protection of personal data, and bioethics. The study was
furthermore approved by the relevant Clinical Research Ethics
Committee on 29 November, 2016 with Registration Code
2016/310.

Statistical analysis
Statistical analysis was carried out with the collaboration of a
statistical consultant. Initially, a descriptive analysis was performed where qualitative variables were expressed as frequency and percentage. The continuous variables were expressed
as a mean ± standard deviation, median [minimum–maximum]. Parametric and non-parametric tests were used to determine the potential association between the study variables
(chi-squared, Fisher’s exact test, Student’s t test, MannWhitney U test). The Wilcoxon test was used for the study
of the progress in the tests and flexion. Differences of p < 0.05
were considered statistically significant in all the tests performed. Tests were performed using SPSS 15.0, Epidat 4.1,
and open source software R (http://www.r-project.org).

Fig. 2 Functional Score follow-up in patients converted to total knee
replacement from high tibial osteotomy (group A) and without osteotomy
(group B)

Mean follow-up time was 12 years in group A and in group B.
Pre-operative femur-tibial angle (FTA) was comparable between both groups, 184° in group A and 188.1° in group B.

KS, FS, and OKS did not show pre-operative differences nor
did any of the post-operative controls conducted one, five and
ten years after surgery.
The KS improved significantly (p < 0.01) in group A and
group B from pre-operative status to the first control after
surgery and remained unchanged at control 2 and at control
3, during the ten years of follow-up in both groups (Fig. 1).
The FS improved significantly (p < 0.02) in group A and in
group B from pre-operative status to the first control after
surgery and remained unchanged at control 2 and at control
3, during the ten years of follow-up in both groups (Fig. 2).
The OKS improved significantly (p < 0.01) in group A and
group B from the pre-operative status to the first control after
surgery and remained unchanged at control 2 and control 3,
during the ten years of follow-up in both groups (Fig. 3).
The ROM improved significantly (p < 0.01) in group A
and group B from pre-operative status to the first control after

Fig. 1 Knee Society Score follow-up in patients converted to total knee
replacement from high tibial osteotomy (group A) and without osteotomy
(group B)

Fig. 3 Oxford Knee Score follow-up in patients converted to total knee
replacement from high tibial osteotomy (group A) and without osteotomy
(group B)

Results
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Fig. 4 Range of mobility (ROM) follow-up in patients converted to total
knee replacement from high tibial osteotomy (group A) and without
osteotomy (group B)

surgery and remained unchanged at control 2 and control 3,
during the ten years of follow-up in both groups (Fig. 4).
Statistically significant differences were found in the radiographic measurements of the pre-operative ISR (p < 0.005)
from post-operative status (p < 0.005). Differences were found
in the PTS angle of the pre-operative tibial component
(p < 0.001) from the post-operative stage (p < 0.005). The differences in polyethylene thickness between both groups were
significant (p < 0.01). No statistical differences were found
regarding the pre-operative JLH (p = 0.236) from the postoperative stage (p = 0.284), nor regarding the tibial resection
between both groups (p = 0.101) (Table 2).

Radiographic outcomes
Of the 41 knees in group A, 25 presented with varus FTA
(187.1°) pre-TKR (Figs. 5, 6, 7, 8, 9, and 10) and 16 with
valgus FTA (174°) (Figs. 11, 12, and 13). There were statistically significant differences both pre-operatively between

Table 2 Pre-operative and postoperative results for both groups,
with and without previous
osteotomy for a variety of
radiographic parameters

Insall-Salvatti ratio
Pre-operative
Post-operative
Posterior tibial slope
Pre-operative
Post-operative
Joint line height (mm)
Pre-operative
Post-operative
Tibial resection (mm)
Polyethylene thickness (mm)

both groups regarding the FS (varus = 53.2; valgus = 64.5;
p < 0.04), the OKS (varus = 24.2; valgus = 30.1; p < 0.04),
and the ROM (varus = 104°; valgus = 118°; p < 0.01) and
post-operatively, also in the FS (varus = 81.6; valgus = 94.6;
p < 0.02), the OKS (varus = 43.4; valgus = 46.6; p < 0.05),
and the ROM (varus = 114°; valgus = 121°; p < 0.03).
However, as far as the KS is concerned, only pre-operative
differences (varus = 56.4; valgus = 64.5; p < 0.05) were found,
which were evened out post-operatively (varus = 93.2; valgus = 121°; p = 0.241). No differences were found in the radiographic values of ISR, PTS, or JLH either (Table 3). The
radiolucent lines were six in group A (3 affected the tibia, one
the femur, and two tibia and femur), as opposed to three in
group B (2 affected the tibia and 1 tibia and femur). However,
no line was progressive over time.
The number of complications found was one in group A, an
infection resolved with replacement in two stages, and none in
group B. There were three deaths in group A and six in group
B after a 10-year follow-up (Table 1).

Discussion
The most important finding in the current study was that a
previous closing-wedge HTO did not compromise outcome
and survival in a series of TKR, compared to a matched cohort
of knees. This adds to the literature that closing-wedge HTO
does not appear to influence outcome. There was however a
difference in outcome between those that had a varus and
those that had a valgus alignment post-HTO, pre-TKR.
This coincides with previous studies [1–4, 11, 12, 15, 19,
22–24, 27]. Parvizi et al. [24] analyzed 166 patients with postHTO TKR, with an average follow-up time of 15 years, without a control group. The comparative study was made using
patients undergoing bilateral TKR. No differences were found
in the clinical data yielded by the KS as regards both pain and

Group A (41)

Group B (41)

p value

1.21
1.25

1.09
1.12

< 0.005
< 0.005

2.07°
2.77°

5.1°
3.9°

< 0.001
< 0.05

13.5
14.6
5.63
11.93

14.7
15.4
4.67
10.8

0.236
0.184
0.101
< 0.01
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Fig. 5 Pre-operative weightbearing radiographs of a 72-yearold woman with a 16° varus
7 years after performing a high
tibial osteotomy. a X-ray on AP
with pre-operative planning. b
Lateral radiograph with pre-operative planning. The patient presented at this time a KS of 32, an
FS of 45, an OKS of 18, and a
ROM of 85°

function. They reported, however, greater presence of preoperative coronal instability in post-HTO knees, which was
leveled after implanting the TKR. Differences were also found
in the alignment of the coronal plane. Outcomes were worse in
the TKRs performed following an osteotomy. Although results improved after the TKR, the fact remained that knees
without previous HTO continued to show better outcomes.
They furthermore reported a greater number of cases with
radiolucent lines after the TKR, which coincides with the current study. But this did not progress into failure. Haslam et al.
[12] compared 51 post-HTO cases with 51 cases with no HTO
with a 13-year follow-up. They did not find clinical differences either. They did report lower ROM in the group with
prior osteotomy (91° against 106°), which manifested itself in
the high number of revisions of the group with osteotomy, 11
against 4. Pearse et al. [25] also reported a greater number of
revisions in the knee prostheses with prior osteotomy, which
Fig. 6 AP (a) and lateral (b)
weight-bearing radiograph postoperatively after the intervention

does not coincide with our study as out of the 82 patients
analyzed, only one revision was required three months after
the surgery because of an infection.
The differences found in the radiographic measurements
have not been associated with clinical evolution. The patients
with a higher patella in the group with osteotomy (ISR 1.21)
did not show worse clinical results than the control group (ISR
1.09). After implanting the TKR, patellar height slightly increased in both groups (1.25 in group A as opposed to 1.12 in
group B). Patella Bbaja^ has been more frequently reported in
patients with prior osteotomy by a number of authors [2, 7, 9,
11, 18, 19, 27, 30]. In the current study, however, and like in
Haslam et al. [12], this study found a lower patella height in
patients with no prior osteotomy. After implanting the TKR,
patellar height increased, but the difference between both
groups remained so that no clinical significance could be
attributed.
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Fig. 7 AP (a) and lateral (b) postoperative weight-bearing X-rays
12 years after the intervention.
There are no signs of loosening.
The patient presented at this time
a KS of 92, an FS of 90, an OKS
of 45 and a ROM of 115°

PTS was also different between both groups, 2.07° in the
group with osteotomy and 5.1° in the control group. After
implanting the TKR, differences remained although in the
case of the group with osteotomy PTS increased up to 2.77°,
while in the control group, it decreased down to 3.9°. The data
published indicate a decrease in PTS in patients with
osteotomy, a difference that is evened out after implanting
the TKR [1, 7]. However, Van Raaij et al. [27] reported that
PTS noticeably increased following the TKA.
As far as the JLH is concerned, no differences were found
either between both groups, neither pre-operatively, as reported
by Bae et al. [2] and Meding et al. [19], nor post-operatively

Fig. 8 Pre-operative weightbearing radiographs of a 76-yearold woman with a pre-operative
varus of 13°4 years after
performing a high tibial
osteotomy. a X-ray on AP with
pre-operative planning. b Lateral
radiograph with pre-operative
planning. The patient presented at
this time a KS of 22, an FS of 10,
an OKS of 14, and a ROM of 70°

[19]. The involvement of these radiographic parameters in the
clinical outcome of the TKR has not been established.
However, the patella Bbaja^ is considered a complication of
the lateral closing-wedge high tibial osteotomy (around 8% of
patients) from bone remodeling. This fact was influenced by
cast immobilization, which causes the contracture and the atrophy of soft tissues, particularly of the patellar tendon [25,
26, 28]. Nowadays, however, closing-wedge osteotomies
fixed with plates or staples make the early mobilization of
the knee possible while maintaining the patella at an adequate
height [13, 29]. In conflict with this theory, bone remodeling
has been shown to increase the distance of the articular line
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Fig. 9 AP (a) and lateral (b)
weight-bearing radiograph postoperatively after the intervention

and consequently the height of the patella in closed wedge
osteotomies [6, 10]. It seems, therefore, that the alteration of
such parameter after the TKR cannot be demonstrated.
The current study has not found differences between the
TKRs implanted following a previous osteotomy and those
with no prior osteotomy. However, if one analyzes separately
the patients who underwent an osteotomy and then one divides them into those with a failed osteotomy (patients with
varus pre-TKR) and those in which the alignment obtained
with the HTO was maintained (patients with valgus preTKR), observing that the clinical course was better in the
latter. Variable ranges of pre-operative coronal alignment
(pre-TKR) have been reported before by, for instance, Bae
et al. [2], who found a similar pre-operative and postoperative FTA when they compared the patients with and
Fig. 10 AP (a) and lateral (b)
post-operative weight-bearing Xrays 10 years after the intervention. Signs of loosening in internal tibial plateau. The patient
presented at this time a KS of 70,
an FS of 50, an OKS of 32, and a
ROM of 85°

without HTO. Amendola et al. [1] also showed similar preoperative FTA in the group with osteotomy and the control
group, where post-operative angles were very similar. In the
current study, the average pre-TKR AFT in patients with previous HTO was 187.7° with a range of 166° to 194°, which
demonstrates a remarkable difference in coronal alignment
among the patients who underwent a TKR following a
HTO. Parvizi et al. [24] also showed a wide range of FTA
from 156° to 190°. Similarly, Haslam et al [12] reported a
range of FTA from 174° to 184°, suggesting that the postHTO patient group could be divided into two subgroups, those
who maintained a valgus FTA and those who returned to the
pre-HTO varus. However, they did not analyze these two
groups. Consequently, it was decided to compare both subgroups (patients with varus knee prior to TKR and with valgus
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Fig. 11 Pre-operative weightbearing radiographs of a 66-yearold female patient with a 10° preoperative valgus 10 years after
performing a high tibial
osteotomy. a X-ray on AP with
pre-operative planning. b Lateral
radiograph with pre-operative
planning. The patient presented at
this time a KS of 52, an FS of 50,
an OKS of 24, and a ROM of 90°

knee prior to TKR) and found differences between them. The
pre-operative differences observed in the FS, the OKS, and the
ROM remain post-operatively after the TKR, but these differences could not be attributed to the deformity, the instability,
or the patellar height, as both the KS and the FTA measurements, the ISR, or the PTS have been similar post-operative
for both groups. This difference indicates that TKRs do not
lead to comparable functional results in post-HTO patients if
the post-HTO FTA maintains post-surgical valgus or if such
FTA returns to pre-operative values of varus deformity. It does
not seem likely that such FTA can influence in the functional
result post-TKR, as the FTA following the TKR is equalized
in both groups. However, functional results remain lower in

Fig. 12 AP (a) and lateral (b)
radiograph post-operatively after
the intervention

patients with varus pre-TKR. It can, therefore, assume that in
patients with a varus FTA, the HTO has failed and that there are
factors that it has been unable to identify which are contributing
to poorer results than in the case of patients who maintain a preTKR valgus FTA where the objective of the HTO has been
achieved, at least anatomically. However, the FTA should not
be the only reference to be taken into account when planning a
TKR after an HTO. In fact, Nagamine et al. [21] suggested that
the FTA after an HTO might not a good measure of coronal
deformity and that tibial angulation should be considered. In the
current study, it has not been able to find differences in JLH
either, which could be explained by the more extensive tibial
resection required in patients with varus FTA.
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Fig. 13 AP (a) and lateral (b)
weight-bearing X-rays post-operatively loaded 15 years after the
intervention. There are no signs of
loosening. The patient presented
at this time a KS of 98, an FS of
100, an OKS of 48, and a ROM of
115°

The limitations of this study are that the clinical evaluation
was performed by the principle surgeon (JGB); also, the radiographic analysis was done by a single investigator (XPC),
without any repeat measurements. The measurements were
done on conventional radiograph, and the possibility of error
in these measurements might have concealed a different at
tibial level. Similarly, the ISR is a very evaluator-dependent
measurement, and we could have underestimated the real position of the patella and its functioning in the patellar mechanics. This could explain a poorer performance of the TKR with

Table 3 Pre-operative and postoperative results of patients with
previous HTO divided on the
basis of the femoro-tibial angle
before the TKR into a varus group
and a valgus group

previous varus, which imposes a more extensive tibial bone
resection and consequently an elevation of the joint line.
It has not found a poorer outcome of the knee replacements
following an osteotomy. However, the difference has been
shown between the patients with HTO on the basis of the
femur-tibial angle prior to the implant so that a good outcome
can be predicted when such angle remained within valgus
values as opposed to varus values. It has not determined the
factors that have an influence on such results, and therefore,
further research will be focused on that objective.

Varus FTA (25)

Valgus FTA (16)

p value

Femoro-tibial angle

Pre-TKR 187.1°

Pre-TKR 174°

< 0.01

Insall-Salvatti ratio

Post-TKR 173°
Pre-TKR 1.20

Post-TKR 174°
Pre-TKR 1.22

0.241
0.405

Posterior tibial slope

Post-TKR 1.27
Pre-TKR 2.02°

Post-TKR 1.24
Pre-TKR 2.12°

0.725
0.055

Joint line height (mm)

Post-TKR 2.74°
Pre-TKR 13.4

Post-TKR 2.79°
Pre-TKR 13.5

0.141
0.832

Tibial resection (mm)
Knee score

Post-TKR 14.1
7.86
Pre-TKR 56.4

Post-TKR 15.2
3.54
Pre-TKR 64.5

0.483
< 0.04
< 0.05

Functional score

Post-TKR 93.2
Pre-TKR 53.2

Post-TKR 96.8
Pre-TKR 61.7

0.241
< 0.04

Oxford knee score

Post-TKR 81.6
Pre-TKR 24.2

Post-TKR 94.6
Pre-TKR 30.1

< 0.02
< 0.04

Range of motion

Post-TKR 43.4
Pre-TKR 104°

Post-TKR 46.6
Pre-TKR 118°

< 0.05
< 0.01

Post-TKR 114°

Post-TKR 121°

< 0.03
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More prospective studies should be conducted in the future
using more modern imaging techniques, which allow observing the changes produced over time on the bone and on the
implant.
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