1IIMS
Vol 32, No 2, June 2007

High Tibial Valgus
Outcome

G.H. Shahcheraghi, P. Zarae, M. Javid,
B. Mahmoodian

Department of Orthopedic Division,
Namazee and Dena Hospitals,
Shiraz, Iran

Correspondence:

Gholam Hossain Shahcheraghi MD,
FRCSC,

Professor of Orthopedics,

Shiraz Medical University,

PO Box: 315-71955,

Shiraz, Iran.

Tel: +98 711 6240678

Fax: +98 711 6273313

Email: gshahcheraghi@yahoo.ca

66 Iran J Med Sci June 2007; Vol 32 No 2

Original Article

Osteotomy and Functional

Abstract

Background: Thisis a case series of 76 knees of 62 patients
who underwent upper tibial valgus osteotomy for treatment of
medial compartment osteoarthritis during a 20-year period and
who were followed for a mean of 7.6 years.

Methods: The patients were evaluated by validated outcome
assessment systems of general health status short form (SF-
36), the Western Ontario McMaster osteoarthritis index
(WOMAC), McMaster Toronto arthritis patient preference
guestionnaire (MACTAR) and a so knee society clinical rating
system (KSS). Two control groups—one consisting of 60 pa-
tients with similar age with osteoarthritis who had not re-
ceived any surgical treatment and another 60 patients who had
received knee replacement for osteoarthritis—were also stud-
ied. The results were compared among these three groups.

Results/Conclusion: Tibial osteotomy caused improvement in
SF-36 and WOMAC scores compared to the non-operated
control group, but it did not do so when it was compared with
knee arthroplasty. The mean+SD KSS was 103.37+12.19 with
a failure rate (defined as candidacy for knee arthroplasty) of
28.94%. Improvement in patients’ pain level, socia activity,
housework activities and self-esteem was observed. Stair
navigation, surface walking, getting on and off a car were not
significantly better than the non-operated group.
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Introduction

steoarthritis of knee is more commonly seen in medial
m compartment in the initial stages. In order to unload

the arthritic medial side, valgus osteotomy has been
used extensively. Following the initial description by Jackson
and Waugh about changing the body weight axis through the
knee joint, Coventry upper tibial closing wedge osteotomy be-
came very popular.l'2 With improvements in designs, tech-
nigues and instrumentations in knee arthroplasty, there has
been a decline in the number of osteotomies performed for
knee osteoarthritis.®> Nevertheless, more physically-active and
younger group of patients with single compartment arthritis
with good knee motion would benefit from high tibial osteotomy
(HTO), with the idea of delaying the knee replacement surgery till
they are older. The higher cost of knee replacement, its limitations
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in doing certain activities such as heavy labor
work, and, in certain societies, some other so-
cial restrains such as floor-sitting habits, use of
special toilets, etc, all would still make HTO a
good operative option.

The results of HTO have been extensively
reported in the literature.*”’ Results of 80%
excellent or good in the first five years, with
gradual deterioration down to about 60% after
15 years have been reported.®® The more
common methods of reporting has been based
on pain experienced, radiographic findings and
range of motion.®® The knee society clinical
rating system (KSS) which combines some of
the above objective parameters with some
functional parameters has been another
method of assessment.'® The more recent Sys-
tems of functional evaluation according to pa-
tients’ own assessment and feelings and
based on their expectations have been used to
some extent in HTO." Patients general health
status and measurement of end results which
include relevant clinical outcomes important to
the process of care, are obtainable through
questionnaires exemplified in short form 36
(SF-36),12 Western Ontario and McMaster uni-
versity osteoarthritis index (VVOMAC),13 or
McMaster Toronto patient preference ques-
tionnaire (MACTAR)."

We are reporting the results of HTO in Iran
where special social customs require sitting
on the floor cross-legged for meals or in so-
cial gatherings, sitting with full knee bent for
praying and using squatting position for toilet-
ing. The functional outcome instruments, as
well as KSS were used for evaluation and
reporting.

Patients and Methods

In this study, patients with knee osteoarthritis
who underwent valgus HTO were studied. All
patients were operated by a single surgeon
during a 20-year period. Of 82 patients who
had undergone HTO, 62 (76%) came back for
follow-up. Those consisted of 48 women and
14 men with a mean follow-up of 7.6 (range:
1-20) years. These 62 patients with 76 knees
(group 1) operated were evaluated clinically
and radiographically.

Four functional well-validated questionnaires
which assess self-reported pain, physical func-
tion, mental health and personal satisfaction
were completed for all patients to determine their
outcomes. The questionnaires included SF-36,"
WOMAC,"” MACTAR," and KSS."

After complete clinical examinations of the
knees, standing radiographs were taken.
Thereafter, the status of patients' general
health, knee arthritis and subjective functional

results of the surgery were assessed by all the
above criteria.

Sixty more patients were recruited as one
of the control groups (group Il). Those patients
had symptomatic primary osteoarthritis of knee
and aged between 35 and 63 years. They
were selected from orthopedic or rehabilitation
units of Nemazee Hospital. This group of pa-
tients had to have non-traumatic non-
inflammatory unicompartmental osteoarthritis
with good range of motion of the knee who
could be candidates for HTO. They all filled the
four above-mentioned functional assessment
guetionnaires. Radiographs were also taken.

A third group (group IIl) consisting of 60
successive patients who underwent total knee
replacement (TKR) by the same surgeon dur-
ing a 15-year period,"”®> were also included in
this study.

The data on all these three groups of pa-
tients were collected and analyzed by SPSS
11.5. Kruskal-Wallis and Mann-Whitney U tests
were used to compare the three study groups.
A p<0.05 was considered statistically significant.

The HTO surgeries were all done by the
senior author (GHS) with a uniform technique
including a curved antero-lateral skin incision
with resection of proximal tibiofibular joint, re-
moval of a laterally-based wedge of bone
above the tibial tubercle, valgus osteotomy
with one cm anterior shift of distal fragment to
decompress the patella, fixation with two sta-
ples, prophylactic subcutaneous fasciatomy
and finally cast immobilization for six weeks.
The size of the removed bone wedge was
measured to give a 7-degree valgus to the
knee. Overcorrection was avoided since the
first cases did not, cosmetically, like the exag-
gerated knee valgus deformity.

The radiographs were categorized into five
classes according to the severity of os-
teoarthritis. The classes included grade O
when knees are completely normal; grade |
when doubtful narrowing of joint space and
possible osteophytic lipping were present;
grade Il when doubtful osteophytes and possi-
ble narrowing of joint space existed; grade llI
when moderate multiple osteophytes, definite
narrowing of joint space, some sclerosis and
possible deformity of bone ends occurred; and
grade IV when large osteophytes, marked nar-
rowing of joint space, severe sclerosis, definite
deformity of bone ends, and/or possible sub-
chondral cyst were present.™

Results
This study reviewed the HTO in 62 patients

with 76 knees. The patients had a mean fol-
low-up of 7.6 (range: 1-20) years.
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Sixteen patients (22 knees) had significant
clinical and radiographic changes and would
have been candidates for knee arthroplasty
(29% of knees). These patients were, on aver-
age, 8.4 years post-surgery (with eight cases
with >8 years of follow-up). These 16 pa-
tients,despite their severe initial knee o0s-
teoarthritis, had very good pain relief and func-
tional improvement upto 4.7 years. Over half of
these candidates were not prepared for knee
arthroplasty mainly due to financial restrains or
inability to adjust to the required life style
changes necessary for joint arthroplasty.

Fifty-five (92%) patients were quite satisfied
with their operations in the first few post-
operative years. The five unhappy ones had no
clear cut radiographic findings to show they
should not have been selected for HTO.

When we looked at satisfaction rate in 15 pa-
tients with longer follow-ups (mean: 12.8; range:
11-20 years), there were only seven (47%) pa-
tients who were still happy with their HTO.

The meanzSD collective SF-36—a measure
of general health—was 60.08+6.48 for those
who underwent HTO, 57.2314.71 for those in
the control group Il, and 67.2+17.97 for patients
who underwent total knee arthroplasty (TKA)
(group IIl) (table 1). Although a trend towards a
better health status was seen in patients that
underwent osteotomy compared to those with
non-operated arthritic knees, the difference was
not statistically significant (P=0.5).

Table 1: The mean+SD measured assessment scores in
the three study groups—group I: HTO cases; group Il:
non-operated cases; and group lll: TKA cases.

Group | Group Il Group Il
SF-36 60.08 57.23 67.2
+6.48 +4.71 +17.97
WOMAC 56.48 58.22 47.78
+6.91 +4.62 +21.81
KSS 103.37 105.89 134
+12.19 +9.23 +39

Health status after TKA, however, showed
a significantly (P=0.006) improved outcome
when compared to group Il patients.

Those who underwent HTO did not have a
score on SF-36 significantly different from
those with TKA (P=0.1).

Examining some more specific items in SF-
36 revealed more points worth mentioning: 16
(26%) patients of group | viewed their health
as "good" or "excellent." None of the control
patients, however felt "excellent" about them-
selves. Thirty-two (53%) patients of group |
had normal social activities in terms of keeping
their daily activities and relation to their family
and friends. On the other hand, 37 (62%) pa-
tients in group Il had problem with these is-
sues. Feeling pain in the month prior to this
survey was four-fold less in those that under-
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went HTO than group Il patients. Moreover,
the ability for house-activity performance was
1.5-fold better in group | compared to group Il
patients. These four parameters reflected a
favorable response to surgery.

The WOMAC score—an arthritis-specific
guestionnaire—would be 113 in the worst case-
scenario. Lower scores mean a better status.
The meantSD score were 56.48+6.91,
58.22+4.62, and 47.78+21.81, in group I, Il, and
Il patients, respectively (table 1). These figures
showed significant improvement with TKA
(p<0.05) as compared to non-operated cases
(group 11). The score was not significantly differ-
ent between HTO and group Il patients.

WOMAC questionnaire refers to five groups
of questions, namely pain, joint stiffness, emo-
tional, physical and social functions.

Looking carefully into the “physical function”
section in our osteotomy patients, improve-
ments in certain activities such as sitting on the
floor and chair, standing, getting out of bed, us-
ing Persian-style toilet, daily house activities
and shopping could be apparent in the operated
cases (group I). Difficulties in navigating stairs,
surface walking, getting on and off a car and
bending to pick objects up the floor, were some
of the items that did not improve with surgery—
group | scores were not better than group II.

The MACTAR questionnaire—reflecting pa-
tients’ expectations and their achievements—
revealed that their main functional disabilities
in descending order included stair navigation
(70%), use of Persian-style toilet (67%), kneel-
ing for prayers (63%), getting up from the floor
(62%) and from the sitting position (62%) (fig
1). The two control groups—the non-operated
and TKA patients—had very similar com-
plaints. Both groups, however were hoping for
a post-operative improvement in walking, rising
from the floor, less pain and better stair navi-
gation. The ability to use Persian-type toilets or
ability to sit on the floor for prayers were at the
bottom of their preference list. The HTO sur-
gery fulfilled their expectations by providing
better walking (54%), lesser pain (43%), easier
raising from the floor (23%), easier household
activities (16%) and more acceptable gait and
limb alignment (11%), in descending order (fig
2). Eight percent of patients did not achieve
any of their expectations.

The meantSD KSS were 103.37+12.19,
105.89+9.23, and 134+39 in group I, Il, and Il
patients (table 1). According to the knee score
section of KSS, the range of motion of knee in
23 (30%) of those who underwent HTO re-
mained in an acceptable range of 10-120 de-
grees. A flexion contracture of up to 20 degrees
was seen in only 11 (14%) patients. All but one
patient, maintained >90 degrees of flexion. All
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Fig 1: Relative frequency of main functional disabilities
before HTO in group | patients regarding to MACTAR
score.
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Fig 2: Relative frequency of patients who achieved their dif-
ferent expectations after HTO procedure according to MAC-
TAR score.

knees were stable in antero-posterior and me-
diolateral testing. No extension lag was ob-
served. According to functional score of KSS,
the pain was reported as severe in 34%, mod-
erate in 31% and mild in 28% of patients. Only
6% had no knee pain during follow-up.

In terms of ability to walk, almost 40% could
walk either 10 blocks or more. Almost 7% of
patients would not walk outside their house. To
climb up or down the stairs, almost 70% had to
use stairs’ hand rails, 20% could not use stairs
at all, and only 10% had normal stair navigation.

Regular use of walking aids—primarily cane
(which is often despised by Iranian patients)—
was observed only in 17 (28%) patients.

The radiographic osteoarthritic changes
were measured as grade IV in 66% and grade
[l in 34% of patients. In non-operated cases
(group 1), 24% had grade IV changes, 64%
had grade Ill and 12% had grade Il changes.
We could access to only 19 good-quality pre-
operative radiographs in group I. The change
in radiographic grading with one grade worsen-
ing was seen in 11; eight cases remained in
grade Il or 1V, even several years later. With
this few number of radiographs we could not
therefore make any strong comments regard-
ing the expected x-ray changes after HTO.

The knee alignment showed 1-15 degrees
valgus in 51%, 1-15 degrees varus in 41%
and neutral changes in 8% of cases. Consider-
ing the objective of seven degrees valgus
change in the initial post-operative knee align-
ment, the figures indicated recurrence of varus
deformity in 49% of cases.

To see the relation of alignment to functional
status of patients, the WOMAC and KSS results
were stratified according to knee alignments.
Those with varus alignment in the final follow up
had lower WOMAC and KSS scores (61.35 and
15.77, respectively) than patients with neutral
(51 and 30) or valgus alignment (57.06 and
21.51). The difference, however, was not statis-
tically significant in either groups. We could not,
therefore claim that an overcorrection into val-
gus alignment would have necessarily resulted
into a better outcome (fig 3).

O Acceptable gait and

60.00% - limb alignment
_ W Easier household
activities
50.00% -
O Easier raising from the
floor
40.00% - B Pain decreasing
O Better walking
30.00% -
20.00% -
10.00% -
0.00% T T T T 1

Fig 3: The mean WOMAC and KSS pain scores for pa-
tients after HTO with different knee alignments
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Discussion

The results of valgus tibial osteotomy for knee
osteoarthritis have been extensively reported
in the literature. A medial compartment os-
teoarthritis in a young patient with good arc of
motion is expected to give a satisfactory mo-
tion, better function with less pain in 80% of
the time after five years. This would, however,
deteriorate with time.>®*" Arthroplasty, how-
ever, despite excellent pain relief and im-
proved function, would not be a life-long rem-
edy for a young person.”>*"? In addition, it is
expensive and also imposes some functional
limitations—things which are not always ac-
ceptable in developing countries. Open medial
wedge osteotomies preserve better bone stock,
and cause less patella infra , thus provididing an
easier future conversion to knee arthroplasty.”
 This kind of osteotomy is, however, a more
extensive surgery, with more possible complica-
tions; and the long-term results are not clearly
evident yet.** Unicompartmental replacement
for medial osteoarthritis has had its share of
enthusiasm and rejection over the years.”>?
The difficulty in revising a unicompartmental to
a total arthroplasty ,has been the concern for
some people , making them favor HTO over uni
compartmental replacement for medial com-
partment osteoarthritis,”® The newer designs of
uni-compartment replacement seem to take out
much less bone, and the results, when used
with proper indication, are encouraging.®*** The
economic issues and yet-unclear long-term re-
sults are some of the problems with unicom-
partment arthroplasty.

The more common patterns of reporting the
end results of knee surgery procedures in the
past were on the basis of radiographic
changes, range of motion of knee or a rough
patient’s subjective satisfaction.>® It has now
become clear that pure objective data in many
disease conditions and in most musculoskele-
tal illnesses are not reliable reflections of pa-
tient’s improvement or regression. The way a
patient functions and the change that is pro-
duced in his/her functions following an inter-
vention seem to be better parameters to
evaluate. For this reason, many scales of as-
sessments have been designed to measure
the patients’ general feeling about their own
health and their feelings regarding a particular
disease, such as knee osteoarthritis, and also
the achievement of their expectations after an
intervention (such as tibial osteotomy or knee
replacement for osteoarthritis of knee).'?**3%%
Some of the more tested and validated instru-
ments and systems are SF-36 for general
health,” WOMAC—a disease- specific os-
teoarthritis tool—,"* and MACTAR—an arthritis-
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patient-preference scale.” The KSS, although
not a purely functional score, is a tool that
combines pain with stability testing and motion
with some functional questions, and is still a
widely-used tool for knee evaluation in many
articles.”*>%

The WOMAC, as a specific measure for ar-
thritis-related functions has been validated,
modified and adopted in different papers
343837 Knee injury and osteoarthritis outcome
score (KOOS) which is the WOMAC score with
some modifications, has been claimed as a
more responsive evaluation system for os-
teoarthritis in Sweden.* Patient acceptable
system state (PASS) for reporting knee and
hip arthritis has also been advised by Tubach
and his group from France. They have used
WOMAC with a visual analogue scale for pain
and function.** The American Academy of Or-
thopedic Surgeons has used a lower limb out-
come score for all conditions of the lower limb
and claims it to be comprehensive and effi-
cient.®* This includes SF-36 as well. Compre-
hensive osteoarthritis test (COAT), aggregated
locomotor function (ALF) and social support
guestionnaire (SSQ) are lists of some of the
used instruments for evaluation of knee func-
tion.*"***! There is not very much to find about
the use of functional evaluation systems in
HTO in the English literature. A group from
Sweden used a functional assessment system
(FAS) in 57 patients who underwent valgus
HTO. The only goal achievements in their
group were improvement in pain and leisure
time activities in a short follow-up of 6-12
months. The rest of lower limb functions did
not show any improvements and only 40%
reached the treatment goals." The present
research with a mean of 7.6 years of follow-up
using different assessment tools revealed simi-
lar results. The WOMAC for those who under-
went HTO was not significantly better than that
for the control non-operated osteoarthritic
knees. Some specific functions, however, im-
proved and were quite significant for our pa-
tients. Among these were the ability to sit on
the floor, stand for a period of time (like at the
kitchen sink), get out of bed, use the Persian-
type toilets, and doing daily house activities.
The ability to comfortably go up and down the
stairs, walk long distances, get in and out of a
car did not improve, nevertheless. Wolfe and
colleagues in their "brief assessment question-
naire" concluded that going downstairs and
difficulty shopping were the best predictors of
change in health status in cases of osteoarthri-
tis.* The difference with the Swedish findings
might be partly due to a shorter follow-up in
that study. It is also necessary to consider the
social habits which bring about different priori-
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ties depending on where one lives. The need
for full knee flexion is obvious in some cultures
including ours and Japanese population. Ko-
shino, et al, from Japan have suggested me-
dial and lateral retinacular release with HTO to
improve floor-sitting capabilities.”®

Some of the items in the WOMAC or MAC-
TAR questionnaires that we had modified,
seemed to have been useful. In our population,
sitting on a carpeted floor or using the Persian-
style toilet, are the necessities of life. The
western-type toilets or chair and bench for sit-
ting are not available in most places, and these
are some of the reasons for not being able to
advocate knee arthroplasty for the majority of
patients in our practice. It is important to note
that the type of toilet use or position of praying
(squatting with full knee bent) were not the
very top expectations of this group of patients,
and they would be happy as long as they could
get some pain relief, walk better and get up
easier from a sitting position.

The general health measure (SF-36) had a
better but not statistically significant score in
those who underwent HTO compared to the
non-operated cases. The patients often felt bet-
ter about themselves, had less pain and greater
social companionship transactions. Those who
underwent knee arthroplasty, did not necessar-
ily, participate in social gatherings in our popula-
tion (for the reasons mentioned earlier).”® This
might be an added benefit in this part of the
world for those who are undergoing HTO.

The meantSD KSS was 103.37+12.19 for
HTO and 134.37+39 for the arthroplasty group.
This is somewhat comparable to many similar
papers on this subject.**** However, the over-
all KSS scores in our HTO patients were
slightly lower than some of other reports,”>**—
particularly, for the functional part of KSS. We
had similar findings of lower KSS in our TKR
cases as well."”> There might be psychosocial
reasons and the difference in patients' expec-
tations accounting for such observations. Be-
sides, many of our cases had severe o0s-
teoarthritis with more than one compartment
involved. They were not however candidates for
TKR due to poor social or economic conditions
and their need to return to heavy work activities.

A study conducted in Japan with a 19-year
follow-up reported a KSS of 167.”> A paper
from China stressing on tibio-femoral angle
correction and candidacy for TKR as the point
of failure, reported good and excellent results
in 78.2% of patients and a failure rate of 11.8
% after 7.5 years of foIIow-up.7 The scores
reported in both these papers were somewhat
better than those of our study. Some of the
social habits mentioned in our population are
similar to those of Japan and China. A good,

long-lasting surgery as claimed by some of the
reports from these places, could not be sup-
ported by our observation. The very detailed
guestionnaires and assessment systems we
used, may account for some of the observed
discrepancies. Many of our patients had more
than one compartment involved at the time of
HTO. They received HTO because they could
not accept joint replacement. Therefore, the
results would deteriorate faster. It was, how-
ever, interesting to note that all of our patients
but five were happy with the surgery they had
and would still have undergone the operation
having known then what they currently know.

Our failure rate was 28% which was worse
than China’s report. The majority of the HTO
cases we interviewed were overweight ladies,
with no regular physical exercises and often
emotionally depressed.*® These might be rea-
sons for the difference observed in our cases.
The body mass index, as an important factor in
regression of good initial results, has been dis-
cussed by many authors;>"*" however, a
higher chance and earlier failure in thinner pa-
tients has also been reported.”® A study from
Italy on 92 patients reported a KSS of 70 after
15 years of follow-up. The total score and the
functional scores in that group were lower than
ours but they obtained a better pain control in
their patients.>®

The degree of valgus alignment obtained at
surgery and, more so, the remaining valgus
alignment with passage of time have been re-
ported as positive factors affecting the re-
sults.>”®% Almost half of our patients had
maintained their valgus alignment; 41% had
regressed to valgus and only 8% had con-
verted to a neutral alignment. The total
WOMAC score and pain section of KSS
showed best results with knees in neutral, fol-
lowed by valgus knees. Although a higher val-
gus alignment and over-correction is claimed
to be associated with better results,>"® the
functional scores used in this paper did not
support the idea. In fact many of our female
patients would strongly object towards the idea
of a knee in valgus alignment.

HTO in social settings, where floor sitting
(rather than chair sitting) and use of toilets
without seat are common, and also where
economy, in terms of health-insurance cour-
age, are important issues, is one of the useful
armamentarium in the hand of an orthopedic
surgeon. An improvement in functional scoring,
particularly in items such as pain, surface
walking, use of Persian-style toilets, floor sit-
ting, shopping, participation in social activities
and self-esteem are to be expected in over
seven years period. The SF-36, WOMAC, and
MACTAR are useful instruments for evaluation,
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but are not probably very sensitive for os-
teoarthritis cases that have undergone HTO.
The results are not often statistically very sig-
nificant, though trends towards better functions
in some of the questions are evident. Specific
guestions related to the usual daily activities in
any particular region must be added to the
above-mentioned questionnaires to make them
more sensitive tools. In our region, we still find
a good role for HTO for unicompartmental os-
teoarthritis. But, we now have a better list of
what they should and what they should not
expect after such an operation.

References

1

10

11

72

Coventry MB. Osteotomy of the upper por-
tion of the tibia for degenerative arthritis of
the knee: a preliminary report. J Bone Joint
Surg 1965; 47: 984-90.

Jackson JP, Waugh W. Tibial osteotomy
for osteoarthritis of the knee. J Bone Joint
Surg Br 1961; 43-B: 746-51.

Bathis H, Tingart M, Perlick L, et al. Total
knee arthroplasty and high tibial osteotomy
in osteoarthritis-results of a survey in
traumatic surgery and orthopedic clinics. Z
Orhtop Ihre Grenzgeb 2005; 143: 19-24.
Brouwer RW, Jakma TS, Bierma-Zeinstra
SM, et al. Osteotomy for treating knee os-
teoarthritis. Cochrane Database Syst Rev
2005; (1): CD004019.

Pfahler M, Lutz C, Anetzberger H, et al.
Long term results of medial osteoarthritis
of knee. Acta Chir Belg 2003; 103: 603-6.
Virolainen P, Aro HT. High tibial osteotomy
for the treatment of osteoarthritis of the
knee: A review of the literature and a
meta-analysis of follow up studies. Arch
Orthop Trauma Surg 2004; 124: 258-61.
Wu LD, Hahne HJ, Hassenplflug J. A long-
term follow-up study of high tibial osteot-
omy in medial compartment osteoarthro-
sis. Zhonghua Wai Ke Za Zhi 2004; 42:
474-7.

Rinonapoli E, Aglietti P, Mancini GB, Buzzi
R. High tibial osteotomy in the treatment of
arthritic varus knee. A medium term (small)
review of 61 cases. Ital J Orthop Traumatol
1988; 14: 283-92.

Choi HR, Hasegawa Y, Kondo S, et al.
High tibial osteotomy for varus gonarthro-
sis: a 10-to 24-year follow-up study. J Or-
thop Sci 2001; 6: 493-7.

Insall JN, Dorr LD, Scott RD, Scott WN.
Rationale of the Knee Society Clinical rat-
ing systm. Clin Orthop Relat Res 1989;
(248): 13-4.

Oberg U, Oberg T. Functional outcome
after high tibial osteotomy: a study using

Iran J Med Sci June 2007; Vol 32 No 2

12

13

14

15

16

17

18

19

20

21

22

23

24

individual goal achievement as the primary
outcome variable. J Rehabil Res Dev
2000; 37: 501-10.

Ware JE Jr, Sherbourne CD. The MOS 36-
item short-form health survey (SF-36).
Med Care 1992; 30: 473-83.

Bellany N, Buchanan WW, Godsmith CH,
et al. Validation study of WOMAC: a health
status instrument for measuring clinically
important patient relevant outcomes to an-
tirheumatic drug therapy in patients with
osteoarthritis of the hip or knee. J Rheu-
matol 1988; 15: 1833-40.

Tugwell P, Bombardier C, Buchanan WW,
et al. The MACTAR Patient Preference
Disability Questionnaire—an individualized
functional priority approach for assessing
improvement in physical disability in clini-
cal trials in rheumatoid arthritis. J Rheuma-
tol 1987; 14: 446-51.

Shahcheraghi GH, Javid M, Mahmoodian
B. Functional outcome study in total knee
arthroplasty. Irn J Med Sci 2004; 29: 151-6.
Field EH. Turek’s orthopaedics principles
and their application. 5th ed. J.B. Lippin-
cott Company; 1994. p. 155.

Meding JB, Kearing EM, Ritter MA, et al.
Total knee arthroplasty after high tibial os-
teotomy. Clin orthop 2000; (375): 175-84.
Scuderi GR, Insall JN, Windsor RE, Moran
MC. Survivorship of cemented knee re-
placement. J Bone Joint Surg Br 1989; 71:
798-803.

Stulberg SD. Primary knee replacement:
Bi/Tri-compartmental degenerative knee
disease in the young patient. Orthopedics
1995; 18: 889-901.

Wright RJ, Sledge CB, Poss R, et al. Pa-
tient-reported outcome and survivorship af-
ter Kinemax total knee arthroplasty. J
Bone Joint Surg Am 2004; 86-A: 2464-70.
Staubli AE, De Simoni C, Babst R, Loben-
hoffer P. TomoFix: a new LCP-concept for
open wedge osteotomy of the medial
proximal tibia--early results in 92 cases. In-
jury 2003; 34: B55-62.

Nakamura E, Mizuta H, Kudo S, et al.
Open-wedge osteotomy of the proximal
tibia hemicallotasis. J Bone Joint Surg Br
2001; 83: 1111-5.

Patond KR, Lokhande AV. Medial open
wedge high tibial osteotomy in medial
compartment osteoarthrosis of the knee.
Natl Med J India 1993; 6: 104-8.

Magyar G, Ahl TL, Vibe P, et al. Open-
wedge osteotomy by hemicallotasis or the
closed-wedge technique for osteoarthritis
of the knee. A randomised study of 50 op-
erations. J Bone Joint Surg Br 1999; 81:
444-8,.



High tibial osteotomy

25

26

27

28

29

30

31

32

33

34

35

36

Deshmukh RV, Scott RD. Unicompartmen-
tal knee arthroplasty foryounger patients:
an alternative view. Clin Orthop Relat Res
2002; (404):108-12.

Gill T, Schemitsch EH, Brick GW, Thornhill
TS. Revision total knee arthroplasty after
failed unicompartmental knee arthroplasty
or high tibial osteotomy. Clin Orthop Relat
Res 1995; (321): 10-8.

Gioe TJ, Killeen KK, Hoeffel DP, et al.
Analysis of unicompartmental knee arthro-
plasty in a community-based implant regis-
try. Clin Orthop Relat Res 2003; (416):
111-9.

Rajasekhar C, Das S, Smith A. Unicom-
partmental knee arthroplasty. 2-to 12-year
results in a community hospital. J Bone
Joint Surg Br 2004; 86: 983-5.

Sculco TP. The case for total knee re-
placement in unicompartmental knee ar-
thritis. Orthopedics 1994; 17: 857-8.
Argenson JN, Chevrol-Benkeddache Y,
Aubaniac JM. Modern unicompartmental
knee arthroplasty with cement: a three to
ten-year follow-up study. J Bone Joint Surg
Am 2002; 84-A: 2235-9.

Berger RA, Meneghini RM, Jacobs JJ, et
al. Results of unicompartmental knee ar-
throplasty at a minimum of ten years of fol-
low-up. J Bone Joint Surg Am 2005; 87:
999-1006.

Naudie D, Guerin J, Parker DA, et al. Me-
dial unicompartmental knee arthroplasty
with the Miller-Galante prosthesis. J Bone
Joint Surg Am 2004; 86-A: 1931-5.
Johanson NA, Liang MH, Daltroy L, et al.
American Academy of Orthopedic Sur-
geons lower limb outcomes assessment
instruments. Reliability, validity and sensi-
tivity to change. J Bone Joint Surg Am
2004; 86-A: 902-9.

Salaffi F, Carotti M, Grassi W. Health-
related quality of life in patients with hip or
knee osteoarthritis: comparison of generic
and disease-specific instruments. Clin
Rheumatol 2005; 24: 29-37.

Rinonapoli E, Mancini GB, Corvaglia A,
Musiello S. Tibial osteotomy for varus
gonarthrosis. A 10-to 21-year follow up
study. Clin Orthop Relat Res 1998; (353):
185-93.

Lingard EA, Katz JN, Wright RJ, et al. Va-
lidity and responsiveness of the Knee So-
ciety Clinical Rating System in comparison
with the SF-36 and WOMAC. J Bone Joint
Surg Am 2001; 83-A: 1856-64.

37

38

39

40

41

42

43

44

45

46

47

48

McCarthy CJ, Oldham JA. The reliability,
validity and responsiveness of an aggre-
gated locomotor function (ALF) score in
patients with  osteoarthritis of the
knee..Rheumatology (Oxford) 2004; 43:
514-7.

Roos EM, Lohmander LS. The knee injury
and osteoarthritis outcome score (KOOS):
from joint injury to osteoarthritis. Health
Qual Life Outcomes 2003; 1: 64.

Tubach F, Ravaud P, Baron G, et al
Evaluation of clinically relevant states in
patient reported outcomes in knee and hip
osteoarthritis: the patient acceptable symp-
tom state. Ann Rheum Dis 2005; 64: 34-7.
Brooks LO, Rolfe MI, Cheras PA, Myers
SP. The comprehensive osteoarthritis test;
a simple index for measurement of treat-
ment effects in clinical trials. J Rheumatol
2004; 31: 1180-6.

Ethgen O, Vanparijs P, Delhalle S, et al.
Social support and health related quality of
life in hip and knee osteoarthritis. Qual Life
Res 2004; 13: 321-30.

Wolfe F, Michaud K, Kahler K, Omar M.
The short arthritis assessment scale: a
brief assessment questionnaire for rapid
evaluation of arthritis severity in research
and clinical practice. J Rheumatol 2004;
31: 2472-9.

Koshino T, Saito T, Orito K, et al. Increase
in range of knee motion to obtain floor sit-
ting after high tibial osteotomy for os-
teoarthritis. Knee 2002; 9: 189-96.

Fuchs S, Skwara A, Rosenbaum D. Pre-
liminary results after total knee arthroplasty
without femoral trochlea: evaluation of
clinical results, quality of life and gait func-
tion. Knee Surg Sports Traumatol Arthrosc
2005; 13: 664-9.

Koshino T, Yoshida T, Ara Y, et al. Fifteen
to twenty-eight years’ follow-up results of

high tibial valgus osteotomy for os-
teoarthritic knee. Knee 2004; 11: 439-44.
Shahcheraghi GH, Dehghani P. Os-

teoarthritis: Possible role of ethnic and cul-
tural factors. Irn J Med Sci 1996; 21: 50-5.

Matthews LS, Goldstein SA, Malvitz TA, et
al. Proximal tibial osteotomy. Factors that in-
fluence the duration of satisfactory function.
Clin Orthop Relat Res 1988; (229): 193-200.

Naudie D, Bourne RB, Rorabeck CH,
Bourne TJ. The Install Award. Survivorship
of the high tibial valgus osteotomy. A 10-
to-22-year follow up study. Clin Orthop Re-
lat Res 1999; (367): 18-27.

Iran J Med Sci June 2007; Vol 32 No 2 73



