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Abstract

Background: It is generally accepted that total knee arthroplasty (TKA) after high tibial osteotomy (HTO) is technically more diffi-
cult; however, there is still disagreement whether the subsequent arthroplasty is compromised.
Objectives: The current case series study aimed to assess patients treated by knee arthroplasty after a previous high tibial osteotomy
and to determine the influence of this osteotomy on the clinical and radiologic outcomes of subsequent arthroplasty.
Methods: Up to April 2013, twenty-three patients with a history of twenty-five proximal tibial osteotomies prior to TKA were iden-
tified and compared with a matched group who underwent primary TKA in Shafa Orthopedic Hospital, Tehran, Iran. Demographic
parameters of patients, surgical details, the knee range of motion (ROM), and American functional knee society (AKS) scores before
and after TKA were recorded in the HTO and control groups. Weight bearing alignment radiographs were taken preoperatively and
at the last follow-up. At the latest visit, patients’ satisfaction was recorded.
Results: After an average of 49 months follow-up, all patients in the HTO and control groups were satisfied with their current level
of function. In the HTO group, the rectus snip had to be used for better exposure in eight cases. There was no statistically significant
difference between the two groups in postoperative knee ROM, mechanical leg alignment and mean functional knee society score,
but the mean of operation time in the HTO group was significantly longer than that of the TKA time in the control group.
Conclusion: Although knee arthroplasty after HTO is technically more challenging than a primary procedure, the results of clinical
scores, postoperative ROM and radiological evaluation in the study subjects were comparable with those of the primary TKA in mid-
term follow-up. Rectus snip is a safe procedure in such difficult cases for better exposure.
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1. Background

High tibial osteotomy (HTO) is an established method
to treat medial unicompartmental osteoarthritis (OA) of
the varus knees in young and middle-aged patients (1-4).
Rationale for the HTO is based on mechanical axis change
of the lower limb, with load stress transfer from the patho-
logical medial compartment to the still healthy lateral side
(2, 5). However, the natural history of following HTO is
more or less expected and with longer follow-up, the re-
sults worsen. Therefore, a high tibial osteotomy can be con-
sidered as a way to postpone total knee arthroplasty (TKA)
in young patients (5-7). The results seem to deteriorate in
time and overall failure rates of 20% at five years and 40%
at eight years are reported (8, 9). Controversy exists regard-
ing the success of a TKA after a previous HTO (7, 8, 10). Previ-
ous incisions, difficult exposure due to soft tissue scaring,
patella baja, malunion or nonunion, offset of tibial shaft,
change in the anatomy of tibial plateau, distortion of the
joint line tilt and slope, retained osteosynthesis and suba-

cute infections are technical challenges when performing
a TKA after proximal tibia osteotomy (7-9). It is generally ac-
cepted that TKA after HTO is technically more difficult (10,
11); however, there is still disagreement whether the subse-
quent TKA is compromised. Although several comparative
studies showed contradictory results; some (1, 2, 10, 12-14)
suggesting that prior HTO does not change later TKA out-
come and others (5, 11, 15, 16) concluding that the converse
is true.

2. Objectives

The current case control study aimed to assess patients
treated by knee arthroplasty after a previous HTO and de-
termine the influence of HTO on the clinical and radiologic
outcomes of the subsequent TKA and final extremity align-
ment.
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3. Methods

Before recruitment of the subjects, study protocol was
approved by local ethics committee. The study was per-
formed in accordance with the ethical standards of the
1964 Helsinki declaration. All patients signed the informed
consent forms prior to recruitment in the study.

All patients who underwent TKA in Shafa orthope-
dic hospital, Tehran, Iran, were followed up prospectively
since 2005. Up to April 2013, twenty-three patients with a
history of twenty-five proximal tibial osteotomies prior to
TKA were identified. Demographic parameters of patients,
surgical details of high tibial osteotomy and TKA, the knees
range of motion (ROM) before and after TKA were recorded.
The closest living matched patients were selected from the
same database to form the control group. The Patients
were matched for gender, age, the knee ROM and length of
follow up. The indication for TKA in all patients of the two
groups was the same (symptomatic osteoarthritis) and one
surgeon (senior) performed the reconstructive surgeries
in both groups. Weight bearing alignment radiographs
were taken preoperatively and at the last follow-up in both
groups. At the latest visit, American knee society (AKS)
scores were recorded. In addition, patients were asked
whether they were satisfied with their operation or not
(yes/no). The operating surgeons were not involved in the
clinical evaluation. Further demographic, clinical and ra-
diologic data are shown in Table 1. There was no statistically
significant difference between the two groups.

Table 1. Demographic and Preoperative Clinical and Radiologic Data

HTOGroup Control Group P Value

Number of patients 23 25

Number of knees 25 25

Mean age at TKA, y 63.3 (5579) 65 (5281) 0.52

Gender (male/female) 4/19 5/20

Average Knee ROM,
degree

106.5 (70 - 130) 110.1 (75 - 130) 0.23

Mean of tibiofemoral
angle, degree

7 varus (-8 - 18) 5.5 varus (-3 - 11) 0.14

Mean of American knee
society score

45.2 (15 - 55) 46.4 (30 - 59) 0.42

Average follow-up,mo 49(25 - 90) 48 (24 - 88) 0.66

Abbreviations: HTO, high tibial osteotomy; ROM, range of motion; TKA, total
knee arthroplasty.

In the HTO group, the average follow-up of the patients
after TKA was 49 months and the average interval between
HTO and TKA was 8.5 years. The tibial osteotomy was per-
formed using two different techniques: twelve cases us-
ing dome-shaped osteotomy and thirteen ones by closing

wedge osteotomy. Transverse scar in front of the knee was
observed in five cases and longitudinal scar was observed
in the others. Fixation devices used to fix closing wedge of
the HTO were staples in nine cases and plates in four cases.
Two cases after dome shape HTO had nonunion in the os-
teotomy site. One patient had a history of infection in the
osteotomy site five years ago, but erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) were normal
in all cases before TKA. The average maximum extension of
the knees in the HTO group was 6.5 degrees (-5° to 20°) and
average maximum flexion was 112° (70° to 130°).

All statistical analyses were performed using SPSS ver-
sion 19.0 for Windows (SPSS Inc., Chicago, IL, USA). Data
are presented as mean ± SD, frequencies and percentages.
Analysis was performed by the X2 test and Mann-Whitney U
test. The confidence interval was 95%; P < 0.05 was consid-
ered level of significance.

4. Results

In the HTO group, a standard medial parapatellar
arthrotomy was enough for exposure in many cases, but
the rectus snip had to be used for better exposure in eight
cases (three cases with history of dome-shaped osteotomy
and five cases with previous closing wedge osteotomy).
There was no need to use tibial tubercle osteotomy in any
cases. The incision in all cases was longitudinal on the
most lateral scar. Transverse scars were crossed at nearly
90° angle. Fixation devices used for HTO were removed
in 13 cases during the arthroplasty procedure. The type of
implanted prosthesis was posterior stabilized NexGen LPS
(Zimmer Inc., USA). In four cases, a NexGen modular tib-
ial component with intramedullary stem and metal wedge
was used to fill the large bone defect secondary to the os-
teotomy or cross and fix the nonunion area.

In the control group, a standard medial parapatellar
arthrotomy was enough for exposure in all cases and there
was no need to use the rectus snip or tibial tubercle os-
teotomy in any cases. The type of implanted prosthesis was
posterior stabilized NexGen LPS (Zimmer Inc, USA) in all
cases of the control group.

At the latest follow-up, the patients were evaluated clin-
ically and radiologically. The closure of the wounds was
good in all cases of the HTO and control groups and there
were no necrosis and complications in the skin around the
knees. The mean postoperative ROM of the knees in the
HTO group was 122°( 90° to 135°) with average maximum
extension of 2 degrees (0 - 5°) and the average maximum
flexion was 125°(95° - 135°), close to the postoperative knee
ROM in the control group. Postoperative results of the two
groups were summarized in Table 2. There was no statisti-
cally significant difference between the groups in the post-
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operative knee ROM, mechanical leg alignment and mean
Knee Society score, but the mean operation time of the HTO
group was significantly longer than that of the TKA in the
control group.

All patients in the HTO and control groups were satis-
fied with their current level of function and did not wish
to consider further surgery. The nonunion in tibial os-
teotomy area was healed due to intramedullary longstem
of the prostheses in the two nonunion cases. None of the
knees demonstrated progressive or symptomatic radiolu-
cent lines with a width of 2 mm or more at any follow-up
periods.

Table 2. Postoperative Clinical and Radiological Data

HTOGroup Control Group P Value

Wound problem 0 0

Meanoperation time,min 94 (65 - 125) 75 (60 - 90) 0.009

Rectus snip, knees 8 0 0.000

Average knee ROM, degree 122 (90 - 135) 126 (90 - 140) 0.12

Mean tibiofemoral angle,
degree

2 varus (-2 - 4) 3 varus (-2 - 5) 0.43

Mean knee society score 85.5 (55 - 100) 87 (65 - 100) 0.18

Abbreviations: HTO, high tibial osteotomy; ROM, range of motion.

5. Discussion

Many patients with medial compartment osteoarthri-
tis of the knee ultimately require a TKA. HTO is an accept-
able alternative in young and middle-aged patients since it
permits high activity levels and delays the need for arthro-
plasty (17, 18). It typically results in pain relief and im-
proved knee function in 80% - 90% of patients (19, 20). How-
ever the natural history of following HTO is more or less ex-
pected and with longer follow-up, the results worsen (5, 6).
Therefore, a high tibial osteotomy can be considered as a
way to buy time and delay the need for TKA in young pa-
tients (5-7). A meta-analysis of follow-up studies showed
that HTO had an average probability of a good result in
60.3% of patients in short term follow-up (9). Based on the
natural cause of the disease, it was likely that most of such
patients gained from their operation to some extent, al-
though the outcome was not as good as expected (9). Al-
though the short-term follow-up success of HTO showed
good clinical outcome, the results seem to gradually dete-
riorate over time (19). According to the demographic tran-
sition towards a higher average age in the Society, more pa-
tients may require TKA after failed osteotomy (20, 21).

It is obvious that TKA after HTO is technically more de-
manding than a primary procedure (10-12) because of soft

tissue scarring, a short patellar tendon, reduction of tibia
bone stock, previous implants, joint line and anatomy dis-
tortion of proximal tibia and nonunion (8, 12). However
it is still controversial whether or not HTO can have any
negative effects on the outcome of a subsequent TKA (7, 8,
10). Some studies showed that results of TKA after high tib-
ial osteotomy could be inferior than that of the primary
arthroplasty (5, 11, 15, 16). In a comparative study, Ragab et
al. concluded that TKA after closed-wedge HTO was a tech-
nically demanding procedure and the expected balancing
problems and the abnormal anatomy could lead to a clini-
cal outcome less favorable for patients with osteotomy (5).
In another study, Haslam followed 51 patients who under-
went TKA after failed HTO for a long term (mean 12.5 years).
There were more patients in the osteotomy group with a
poor result, significantly reduced flexion and higher reop-
eration rate (11). Karabatsos et al. compared a matched
group undergone TKA with and without history of HTO.
They concluded that TKA after HTO was a technically more
challenging procedure than the primary TKA and the func-
tional outcomes at a mean follow-up of five years after TKA
in patients with a previous HTO tended to be inferior but
the differences were not significant (15).

On the other hand, some recent studies revealed op-
posite results (1, 10, 12-14). In a study by Meding et al. the
long-term functional scores and survival of bilateral TKAs
were compared in patients with a previous HTO in one of
the knees. They observed no differences in the Knee So-
ciety function, radiographic and pain scores between the
knees without and with previous HTO. Terminal extension
and flexion, arc of motion and knee alignment were sim-
ilar between the knees. Survival at 15 years was 100% for
knees without previous HTO and 97% for knees with pre-
vious HTO. They concluded that previous high tibial os-
teotomy does not influence the function or survival of a
TKA in long term (10). Efe et al. in a similar study suggested
that although patients with a previous HTO had more com-
plications, no significant differences were noted compared
with the control group (12). Hernigou et al. evaluated
the effect of malalignment after HTO on the outcome of
TKA. They revealed that patients with an overcorrected HTO
were more likely to require a soft tissue release to balance
the knee. However, with a posterior stabilized arthroplasty,
the degree of deformity had no impact on the longevity of
the TKA (14).

Analysis of a systematic review study suggested that
osteotomy did not compromise subsequent knee replace-
ment. However, the writers could not extract a solid clin-
ical conclusion because of the overall low quality of evi-
dence (1).

The current study confirmed that TKA after HTO is
a technically demanding procedure; posterior stabilized
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type prosthesis (NexGen LPS) had to be used in all cases.
The mean of operation time in the HTO group was signif-
icantly longer than that of the TKA in the control group.
The first point to consider during TKA after osteotomy is
the choice of approach regarding the presence of a previ-
ous skin incision, with the possibility of removing possible
fixation devices. It is noteworthy that no complication was
observed in the skin of operation site. After skin incision,
deep approach and exposure was the second challenge. Al-
though in the control group, a standard medial parapatel-
lar approach was enough for exposure, rectus snip had to
be used for better knee exposure in eight cases of the HTO
group. It reveals that previous HTO makes the knee ex-
posure more difficult than the primary TKA. On the other
hand, rectus snip does not change the standard TKA reha-
bilitation program.

In the cohort study by Amendola et al. the results of
arthroplasty with previous HTO were compared with those
of the primary TKA. Before arthroplasty, the AKS scores in
the case and control groups were 47 and 45, respectively.
After arthroplasty this score rose to 89.8 and 84 in the revi-
sion and control groups, respectively. Mean flexion at the
last follow-up was 103° (range 80° - 120°) in the case and 110°
in the control group (2). In the current study, the average
maximum flexion was 125° (95° - 135°); better than that of
their control group.

In the paper by Bae et al. it was recommended that
the previous HTO itself had no deleterious effect on the
outcome of the subsequent TKA. After mid- term follow-up
of the 16 cases, they concluded that a meticulous surgical
technique could produce satisfactory results in TKA after
HTO; considering the correction of the deformity and the
amount of the tibial bone resection. At the last visit, four-
teen and two cases were excellent and good, respectively.
The range of motion increased from 106.3°, before TKA, to
127.5° at the last follow-up. They had good radiological out-
comes and excellent postoperative alignment, without any
progressive or significant radiolucency in the follow-up X-
rays (22).

The current study results were excellent in mid-term
follow-up, similar to the above study. The mean ROM of the
knees after TKA was 122° and mean functional Knee Soci-
ety score was 85.5, close to the results of the control group
(Table 2). All the patients were satisfied with their cur-
rent level of function and did not wish to consider further
surgery. In the radiological outcome, there was no signifi-
cant difference between the final mean tibiofemoral angle
of HTO and that of the control group; there was also no sig-
nificant and symptomatic radiolucency in the follow-up ra-
diographic exams. Good functional Knee Society score and
acceptable ROM after TKA in the HTO group revealed that
rectus snip is a safe procedure in these difficult cases for

better exposure.
It seems that the results of the arthroplasty were grad-

ually improved after HTO. Most of the studies demonstrat-
ing inferior results in the arthroplasties after HTO were
published before 2007 (5, 11, 15, 16). But almost all the re-
cent researches show that previous HTO does not have sig-
nificant effects on the mid-term clinical and radiologic out-
comes (12, 14, 20, 22). It is possible due to improvement in
surgical techniques and the design of new prosthesis.

In summery, most data in the previous literatures as
well as the present study fail to detect considerable neg-
ative effects of HTO on the later TKA outcomes. The cur-
rent study had some limitations. The number of patients
was small, and the follow-up period was relatively short
with an average of 4.1 years. However, the patients under
study had acceptable results at a mid-term follow-up. Well-
designed studies should investigate larger number of sub-
jects to generate higher quality of evidence. Furthermore,
long-term results are needed to reach more solid conclu-
sions. Medial open-wedge high tibial osteotomy is a rela-
tively new surgical approach to symptomatic varus knee
and the cases of medial open-wedge HTO that need TKA are
rare. In future, some studies should evaluate the problems
of TKA in such cases. Although knee arthroplasty after HTO
is technically more challenging than a primary procedure
and needs to consider many details, the results of clinical
scores, postoperative range of motion of the knee and ra-
diological evaluation in these cases were comparable with
those of the primary TKA in mid-term follow-up. Further-
more, it seems that rectus snip is a safe procedure in such
difficult cases for better exposure. High quality observa-
tional studies with long term follow-up are needed to pro-
duce larger numbers and potentially generate higher qual-
ity of evidence to reach more solid conclusions.
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