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Abstract—Functional outcome after high tibial osteotomy
(HTO) was evaluated with respect to both improvement and
goal achievement . Fifty-seven subjects, 32 men and 25 women,
with a mean age of 55 years were examined with the Functional
Assessment System (FAS) 6 and 12 months after surgery . The
FAS is an evaluation system, specifically designed to monitor
lower extremity dysfunction . It shows a profile with preopera-
tive status, individual goal, and postoperative status.
Statistically significant improvement was seen in 6/20 variables
after 6 months, and in 10/20 variables after 12 months . When
goal achievement was examined, the results were not as impres-
sive . The treatment goal was not reached on the group level for
almost all variables. On the individual level, only 20\N40% of
the patients achieved the goal as a result of surgery in most vari-
ables . Exceptions were pain and leisure time/hobbies, where
there was a high degree of goal achievement . It is possible that
postoperative training was inadequate . The authors recommend
a new randomized study, where patients who receive specific
individual training related to the individual goal and functional
profile are compared with a control group.

Key words : goal achievement, osteoarthritis, outcome, reha-
bilitation, tibial osteotomy.
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INTRODUCTION

For several decades, high tibial osteotomy (HTO) has
been the treatment of choice for osteoarthritis of the knee,
especially in young and active subjects (1) . A literature
search in the Medline database yielded more than 50 stud-
ies on follow up after HTO. Most studies report positive
effects in 60-90 percent of the cases .' The variables most
often evaluated have been general improvement, pain, and
walking ability, often expressed by vague terms such as
excellent/good/fair or satisfactory, acceptable, et cetera.
Some studies examined more specific aspects, such as car-
tilage regeneration, postoperative joint angles, joint space,
radionuclide uptake, and basic gait parameters . A few stud-
ies have used functional scales like the HSS score, Knee
score, Functional Knee score, and the Tegner-Lysholm
score . No study more specifically evaluated variables relat-
ed to physiotherapy or rehabilitation activities . The follow
up time varies from a few months to 20 years . Many stud-
ies report a deterioration of knee function and a progression
of the gonarthrosis with time. All studies are of the pre-
treatment/posttreatment type, where the authors report the
difference between the preoperative and postoperative sta-

'These studies are not listed in the references list, but a complete list can be
obtained from the authors on request.
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tus . Generally, the studies were designed to evaluate factors
important for the orthopedic surgeon, but not necessarily to
reflect the effect of physiotherapy or rehabilitation proce-
dures . No study examined the degree of goal achievement.
In the present study, outcome after HTO was evaluated with
respect to both postoperative improvement and individual
goal achievement with an evaluation instrument, the
Functional Assessment System (FAS), which reflects func-
tion on impairment, activity (disability), and participation
(handicap) levels.

The main indication for HTO is pain and angle defor-
mity of the knee due to unicompartmental gonarthrosis.
Most cases reported in the literature have medial gonarthro-
sis with varus deformity of the knee, but about 15 percent
of the subjects have lateral gonarthrosis with valgus defor-
mity. Two main treatments have been available : closed
wedge osteotomy and dome (vault) osteotomy. Normally,
the knee is overcorrected to 5—13 degrees of valgus in medi-
al gonarthrosis, and the opposite in cases of lateral
gonarthrosis. This overcorrection is important for the final
result of the osteotomy (2,3) . The biomechanical idea
behind the operation is a reduction of the load on the affect-
ed compartment of the knee . In recent years, however,
cadaver studies have revealed that the extremity alignment
necessary to unload the medial compartment of the knee is
about 25 degrees, and that the hypothesis on biomechanical
unloading probably is seriously flawed (4) . Another possi-
ble mechanism may be reduction of the intraosseous pres-
sure. Some studies have shown cartilage regeneration after
HTO (5).

Many reports have stressed the importance of outcome
analysis for judgment of the effectiveness of treatment and
rehabilitation . Outcome is an evaluation of observations
associated with a study period with respect to factors that
can be of interest after some kind of intervention . Outcome
is not an absolute measure ; rather, it is a measure of change,
with the end point compared with the situation at the start
of the study (6,7) . Functional outcome must also be evalu-
ated with respect to treatment goals and goal achievement.
It is not enough to report an improvement. The most impor-
tant factor to evaluate is whether or not the individual treat-
ment goal or rehabilitation goal has been reached . The
treatment goal must be individualized, and it must be
appropriate and meaningful in terms of activities that are
important for the patient with respect to age, sex, and activ-
ity level (8—14) . For example, a young physically active
person will have demands on life other than those of an
older, inactive person, even if they have the same medical
diagnosis and have obtained the same treatment . The goals

must be determined with respect to individual needs and
must provide the patients with a realistic view of what can
be expected from the treatment . Thus, the therapist must set
the goals in close collaboration with the patient . The goals
must be expressed in terms of reduction of disablement, and
they must be measurable (15—18) . Whether a treatment is
effective or not must be judged from the degree of goal
achievement. Even if there is a statistically significant
improvement, it is inadequate if the treatment goal is not
reached.

In the present study, outcome after HTO has been
evaluated with respect to postoperative improvement and
individual goal achievement . The effects have been
described on both group level and individual level . The
evaluation was performed with the FAS, an instrument
specifically designed for evaluation of lower extremity dys-
function (19—22) . Prior to this, the FAS has been used to
evaluate outcome (improvement and goal achievement)
after hip arthroplasty and knee arthroplasty (23).

SUBJECTS AND METHODS

Subjects
Seventy-five consecutive patients, who were admit-

ted to a county hospital for high tibial osteotomy, were
evaluated with the FAS (see below) . Six patients never
had an operation . At 6 months control, 63 patients were
available, and at 12 months postoperatively 57 patients,
25 women and 32 men, were available . Only the 57
patients who completed the follow up at both 6 and 12
months are reported in this study, i .e ., the preoperative
and both postoperative studies include the same patients.
The mean age of this patient group was 54.8 years
(SD=9 .0; range 34—77 years) . Patients and reasons for
drop out are shown in Figure 1.

Indications for High Tibial Osteotomy
The indications used for high tibial osteotomy at the

clinic were : medial gonarthrosis degree 1\N2 (Ahlback's
classification), disabling pain, varus deformity of the
knees, and age below 65 years.

Postoperative Treatment
The knee was immobilized in a plaster-of-Paris cast

for six weeks . The patient was dismissed from the hospi-
tal with a home training program. After six weeks, the
patient was taken back, and the plaster was removed . Six
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Figure 1.
Patients included in the study . The boxes show reasons for drop out.

weeks after the cast was removed, the patient had a sec-
ond visit to the doctor to control knee mobility and gait.
Then, the patient was normally transferred to a general
practitioner. Only patients with some kind of complica-
tion were prescribed specific physical training . After six
and twelve months the patients were seen by a physio-
therapist at the hospital, and functional status was record-
ed with the FAS (see below).

The Functional Assessment System (FAS)
The FAS consisted of 20 variables, divided into five

groups: hip impairment, knee impairment, physical dis-
ability, social disability variables, and pain . The variables
were measured in a laboratory setting . The values were
then transformed to a uniform, dimensionless score on a
5-point scale according to a key for every variable . Zero
means no disability ; four means severe disability or total
lack of function . The scores were plotted onto a diagram,
giving a disability profile . This procedure has been thor-
oughly described in an earlier paper (19) . In that paper,
there is also a brief key to the coding of the variables . The
rating was done by a physiotherapist . A completed profile
is included in the Appendix.

The 20 variables of the FAS arranged by functional
group are:

Hip impairment variables:

1. Hip flexion

2. Extension deficit, hip

3. Abduction, hip

4. Adduction, hip

Knee impairment variables:

5. Knee flexion

6. Extension deficit, knee

7. Quadriceps muscle strength

8. Hamstrings muscle strength

Physical disability variables:

9. Rising from half-standing

10. Rising/sitting down

11. Step height

12. Standing on one leg

13. Stair climbing

14. Gait speed (m/s)

15.Walking aid

Social disability variables:

16. Communication/transport

17. Work/housekeeping

18. ADL functions, other

19. Leisure time/hobbies

Pain:

20. Pain

Originally, most variables included in the FAS were
measured with some kind of instrument (e .g ., goniometer,
dynamometer, or stopwatch) . A few variables have anoth-
er character, for example evaluation of household activi-
ties, leisure time activities, etc . All measurements were
then transformed to a uniform dimensionless disability
score ranging from 0 to 4 (0=no disability ; 4=severe dis-
ability) . The scores were later transferred to a diagram
showing a picture of total lower extremity dysfunction.

Active range of motion of the hip and knee was mea-
sured with a standard manual goniometer with long tele-
scopic shanks . Muscle strength, tested as isometric
extension and flexion forces in the knee, was measured with
a strain-gauge dynamometer at 45 degrees of knee flexion
and with the patient in a sitting position . Rising/sitting
down was recorded as the lowest possible sitting height of
a chair with adjustable height and without armrests . Rising

Left for 6-months folloivdtp

N=63

Left for 12-months follow-up

N=57

Knee arthroplasty

N=2

N=1

Does not, wan tit

77

N=t

1 year alter operation

N = l
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from a half-standing position was measured as the maxi-
mum number of times the patient could rise from a high
chair during one minute, with a hip angle of about 135°.
Step height was measured using a platform with different
step heights, corresponding to ordinary stairs, bus and train
stairs, and so on. The time standing on one leg was tested as
the number of seconds the patient was able to stand on his
or her affected leg. Gait speed was tested on a 65-meter
indoor walkway . The social variables were evaluated by a
personal interview of the patient . Pain was evaluated in a
manner related to standard clinical evaluation of the indica-
tion for surgery.

RESULTS
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Statistical Methods
Descriptive statistics and 2-sided t-test for pairwise

comparison of data were performed according to standard

	

Comparison of preoperative status and goal profile on group level.
procedures (24) . Statistical computations were performed
with a commercial statistics package for personal comput-
ers, Systat 6 .0/Sygraph for Windows.

Table 1.
Differences between preoperative status and goal.

0 4
Score

Figure 2.

Discrepancy Between Goal and Preoperative Status
Mean scores were calculated for preoperative status

and for the individual goals (Figure 2) . For the hip vari-
ables there was, of course, no dysfunction . For the other
variables (except for walking aid) there was an obvious dif-
ference between preoperative values and goal values in
most variables . A Student's t-test revealed that this discrep-
ancy was also statistically significant for all variables,
except for walking aid and hip variables (Table 1) . The dis-
crepancy reflects possible gain from an operation. Where
there is no difference, there is nothing to gain . Figure 3
shows the percentage of the patients in which an improve-
ment of at least one step on the scale was expected.

Improvement After Operation
Preoperative scores were compared with the scores six

and twelve months after operation (Figures 4 and 5) . The
most impressive improvement six months after operation
was found in the pain variable, where there was a reduction
of 1 .5 steps on the FAS scale. The Student's t-test revealed
that the improvement was statistically significant for only
six of the variables : extension deficit of the knee, commu-
nication/transport, work/housekeeping, ADL-functions,
leisure time/hobbies, and pain . For the other variables the
difference was not statistically significant (Table 2). At 12-
months follow up, there was a further improvement in
quadriceps muscle strength, raising up from half-standing,

1. Hip flexion
2. Extension deficit, hip
3.Abduction, hip
4.Adduction, hip

5. Knee Flexion
6. Extension deficit, knee

<0 .001
<0 .001
<0 .001
<0 .001
<0 .001
<0 .001

NS
<0 .001.
<0 .001.
<0 .001

19.Leisure time/hobbies
20. Pain

p-values from Student's t-test; --=insufficient data; NS=not significant.

step height, and stair climbing (Table 2) . However, the
main picture is the same.

On an individual level 75–80 percent of the patients
showed an improvement in the pain and leisure time/hobby
variable at both 6- and 12-months follow up . For the vari-
ables of communication/transport, work/housekeeping, and

7. Quadriceps muscle strength
8. Hamstrings muscle strength

9. Raising up from half standing
10. Raising up/sitting down
11. Step height
12. Standing on one leg
13.Stair climbing
14. Gait speed (m/s)
15.Walking aid
16 . Communication/Tran port
17.Work/house-keeping
18.ADL functions, other

NS
NS

NS

<0 .05
<0 .001

<0 .001
<0 .001

<0 .001
<0 .001
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Figure 3.
Expected gain from surgery of at least one step on the scale. White
bars on the left show patients who already were at the goal level before
surgery. Black bars show patients with expected gain.

0

	

4
Score

Figure 4.
Comparison of preoperative functional status and functional status six
months after surgery.
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Figure 5.
Comparison of preoperative functional status and functional status
twelve months after surgery.

Table 2.
Differences between preoperative status and 6 months
postoperative status .

Variable
p-value 6

mo
p-value 12

mo

1 . Hip flexion NS NS
2 . Extension deficit, hip NS NS
3 . Abduction, hip -- NS
4 . Adduction, hip NS NS

5 . Knee Flexion NS NS
6. Extension deficit, knee <0 .05 NS

7 . Quadriceps muscle strength NS <0 .05
8 . Hamstrings muscle strength NS NS

9. Raising up from half standing NS <0 .05
10. Raising up/sitting down NS NS
11 . Step height NS <0.05
12 . Standing on one leg NS NS
13 . Stair climbing NS <0 .001
14 . Gait speed (m/s) NS <0.01
15 . Walking aid NS NS
16 . Communication/Transport <0 .001 <0.01
17 . Work/house-keeping <0 .001 <0 .001
18 . ADL functions, other <0 .001 <0 .001

19 . Leisure time/hobbies <0 .001 <0 .001
20 . Pain <0 .001 <0 .001

Ds_

	

_

p-values from Student's t-test ; --=insuffificient data ; NS=not significant.
	 __is_	 Essisosts_ss

ADL-functions, 35-45 percent of the patients showed an
improvement. For most of the other variables, less than 30
percent of the patients were improved after surgery

(Figures 6 and 7) .

CD Not improved MM Improved

Figure 6.
Individuals with improvement of at least one step on the scale (black
bars) at six months follow up. White bars indicate the proportion of
patients with no improvement after surgery.
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Figure 7.
Individuals with improvement of at least one step on the scale (black
bars) at twelve-months follow up . White bars indicate the proportion
of patients with no improvement after surgery.

Goal Achievement
There are big differences between the average func-

tion profile and the average goal profile six and twelve
months after surgery (Figures 8 and 9) . On the group
level, the rehabilitation goal was not achieved in any vari-
able. The Student's t-tests show that the observed differ-
ences were still statistically significant in all variables
except for extension deficit of the knee, and ADL-func-
tions (Table 3).

A high proportion of the patients had an acceptable
functional capacity already before the operation, and only
a minor portion of them experienced a gain of function.
The variable showing the highest proportion of people

0

	

2

	

4
S Core

Figure 8.
Functional status related to goal six months after surgery. Mean values .

Figure 9.
Functional status related to goal twelve months after surgery . Mean
values.

Table 3.
Differences between goal and 6 months and 12 months
postoperative status.

Variable
p-value 6

mo
p-value 12

mo

1 . Hip flexion NS NS
2 . Extension deficit, hip', -- NS
3 . Abduction, hip -- NS
4 . Adduction, hip -- NS

5 . Knee Flexion <0 .05 <0 .05
6 . Extension deficit, knee NS NS

7 . Quadriceps muscle strength <0 .001 <0 .001
8 . Hamstrings muscle strength <0 .001 <0 .001

9 . Raising up from half standing <0 .001 <0.05
10 . Raising up/sitting down <0.01 <0.05
11 . Step height <0.001 <0.01
12. Standing on one leg <0.01 <0.01
13 . Stair climbing <0 .001 <0.01
14 . Gait speed (m/s) <0 .001 <0 .001
15 . Walking aid <0 .05 <0 .05
16 . Communication/Transport <0 .01 <0.05
17 . Work/house-keeping <0 .001 <0.001
18 . ADL functions, other NS NS

19 . Leisure time/hobbies <0 .001 <0.001
20 . Pain <0 .001 <0.001

p-values from Student's t-test; --=insuffificient data; NS=not significant.

who achieved the goal as a result of the operation is pain.
The results at 12-months follow up are very similar to
those at 6 months (Figures 10 and 11).
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Figure 10.
Goal achievement after surgery at six-month follow up . White bars
indicate subjects who never reached theI goal . Black bars indicate sub-
jects who were already at the goal level before surgery ; gray bars indi-
cate subjects who reached the goal as aresult of surgery.
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Figure 11.
Goal achievement after surgery at twelve-month follow up . White bars
indicate subjects who never reached the goal . Black bars indicate sub-
jects who were already at the goal level before surgery ; gray bars indi-
cate subjects who reached the goal as a result of surgery.

DISCUSSION

All changes or differences will become statistically
significant, if the sample size is large enough . Statistical
significance, however, is not the same as clinical rele-
vance . In this paper we have focused on the individual
rehabilitation goal as a criterion for clinical relevance . If,
for example, the goal for a patient is the ability to tie his

shoes, or to climb stairs, it does not matter much from a
rehabilitation point of view if there is a statistically sig-
nificant improvement of 10° of range of motion in the
knee joint, if the patient still cannot perform these activi-
ties . Statistical significance is important, of course, but
only if it is discussed together with clinical relevance, i .e .,
goal attainment on an individual level.

The present study is a follow up study after high tib-
ial osteotomy. The evaluation was done in two ways, a)
as a pre-/posttreatment study where improvement was
recorded as statistically significant change, and b) as a
study where goal achievement was the primary outcome
criterion.

The primary aim of the study was to evaluate clini-
cally relevant improvement after HTO, using individual
goal achievement as a criterion of success, and with HTO
as an example of application . In the literature, we found
about 50 follow up studies concerning HTO. The out-
come variables that were evaluated were mainly on an
impairment level, and they were mainly chosen to fulfil
the demands of orthopedic surgeons . Functional vari-
ables, such as rising from a chair, standing on one leg,
stair climbing, communication/transport, work/house-
keeping, and ADL-function, which are important from a
rehabilitation and physiotherapy point of view, were not
discussed in these studies . None of the studies used indi-
vidual goal achievement as an outcome variable.
Consequently, we have used a new approach to follow up
and assess outcome when we used individual goal
achievement as an outcome parameter. Many of the fol-
low up studies report a positive result in 60–90 percent of
the cases . When we used goal achievement as an outcome
variable, we could not verify these positive results.
Hence, the results obtained from a study are heavily
dependent on what outcome variable we choose.

From a rehabilitation point of view, the individual
patient's goals and expectations should be the primary
outcome variable to assess (25) . For this reason, it is
important to formulate concrete, measurable goals, where
individual goal achievement can be used to monitor the
patient's progress . Such goals cannot be set by the patient
himself, or by the therapist alone, but must be set by the
patient and therapist in close collaboration in order to be
realistic.

In the present study we have used the FAS as an
evaluation instrument . The FAS is an instrument that has
been designed for evaluation of lower extremity function,
especially for patients with osteoarthritis of the hip and
knee. This instrument reflects lower extremity function
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not only on impairment level, but at activity (disability)
and participation (handicap) levels as well . It has been
thoroughly evaluated for different metric properties such
as validity, reliability, discriminatory power, sensitivity,
and specificity (19,21,22). The results are recorded as
disability scores, which are plotted onto a diagram that
shows a simple individual profile . Patient status can be
recorded initially and at the end point . A goal profile can
easily (and should routinely) be drawn . The pre- and
postoperative profiles can be compared between them-
selves, and with the goal profile . In our opinion, the com-
parison between the end point profile and the goal profile
constitutes the ultimate criterion for success.

In this study, there was a statistically significant
improvement in 6 of 20 variables at 6-months follow up and
10 of 20 variables at 12-months follow up, but if the pre-
and postoperative profiles are compared, the differences,
except for pain and leisure time/hobbies, are quite small.
Thus, if only statistical significance is considered, the
results may indicate fairly good results . If, however, goal
achievement is added as an outcome criterion, the results
are less impressive . Except for pain and leisure time/hob-
bies, goal achievement as a result of surgery varied between
20 and 40 percent. Our results indicate that statistical sig-
nificance is not enough . Goal achievement as a criterion for
clinical relevance must also be considered.

Preoperatively there was quite a large discrepancy
between initial status and goal . This discrepancy between
the profiles indicates the theoretically possible gain to
obtain from surgery. There was an obvious difference
between the two profiles when the mean scores were
examined, but on the individual level we can observe that
no gain was to be expected for a high proportion of the
patients in many of the variables (Figure 2, white bars).
The exceptions were pain and leisure time/hobbies.

If, on a group level, the goal was reached, the post-
operative profile and the goal profile at 6- and 12-months
follow up would coincide . From Figures 8 and 9 it is
obvious that on the group level there is still a consider-
able difference between postoperative status and desired
goal, and Table 3 shows that this difference is also statis-

tically significant . In Figures 10 and 11 goal achievement
as a result of surgery is shown in gray . Obviously, only a
minority of the patients reached the rehabilitation goal as
a result of surgery . The others either did not reach the
goal, or they were at the goal already before surgery.

Pain is normally the main indication for HTO . It was
also the variable where most gain was expected, and
where most gain was obtained, both as statistically sig-
nificant improvement, and as goal achievement . The
mean improvement seen after 6 and 12 months was about
1 .5 steps on the functional scale . Almost the same was
observed for leisure time/hobbies . The close similarity
between pain and leisure time/hobbies may indicate a
close relation between pain and such activities.

Critical questions raised from this study are : Why
was there so little functional improvement? and, Why did
so little goal achievement come out of the treatment? The
patients included in the present study were dismissed
from the hospital without any specific training . Are the
present postoperative training routines inadequate? Can
better functional results be obtained by intensive physio-
therapy, individually designed after the individual func-
tional profile and goal profile? In a future study, the FAS
should be used to compare randomized treatment groups,
where one group receives standard treatment, and the
other receives specific training related to the functional
profile and goal profile.

CONCLUSIONS

The main improvements seen in this study were
related to pain reduction and an increase in leisure
time/hobby activity. On a group level there was a statisti-
cally significant improvement in many other variables,
but when individual goal achievement was used as an
outcome criterion, improvement was not impressive . We
have focused on goal achievement as a criterion for clin-
ical relevance, and we have highlighted the need for fur-
ther studies on specific training based on the individual
functional status and goal profile .
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APPENDIX

Functional Asessment System for lower extremity dysfunction
Score

Variable 0 1 2 3 4
1 . Hip flexion
2. Extension deficit, hip 00
3 . Abduction, hip
4. Adduction, hip
5 . Knee flexion
6. Extensions deficit, knee
7. Quadriceps muscle strength
8 . Hamstrings muscle strength
9. Raising up from half-standing

10 . Rising

	

onVsitting down in a chair
11 . Step height
12, Standing on one leg CI , 0
13 . Stair walking
14. Gait speed (m1s)
15 . Gait aid
16. Kornmunication/transportation
17. Work/housekeeping 00
18 . ADL-functions, other
19 . Leisure time /hobby 0

.

20. Pain

X = Preoperative score

	

0 = Desired score (goal)

	

0 = Postoperative score

The scale is a 5-grade scale with scores from 0 to 4.
0 = no reduction.
1 = pain at performance, or some reduction of performance.
2 = moderate reduction of performance, need for some kind of aid.
3 = severe reduction, need for technical aid or personal assistance.
4 = severe reduction with almost no ability, need for help with most tasks.
OUIrika Oberg 97-08-12

Diagnosis : Osteoarthritis, left knee

	

Physiotherapist (sign) : U .O.

Date

	

preop: 02-06-99
postop: 08-12-99

Euro-Quol

	

pre op:
SF 36

	

post op : Date op : 02-14-99
El
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