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OBJECTIVE: To study factors that affect femorotibial (F-T) alignment after valgus closing wedge tibial os-
teotomy.
STUDY DESIGN: A review of standardized standing radiographs. Femorotibial alignment was measured 1
year postoperatively for over- and under-correction. Changes in F–T alignment and in tibial plateau angle
were measured.
SETTING: An urban hospital and orthopedic clinic.
PATIENTS: Eighty-two patients with osteoarthritis and varus femorotibial alignment underwent valgus clos-
ing wedge tibial osteotomy. Patients having a diagnosis of inflammatory arthritis or a prior osteotomy
about the knee were excluded.
RESULTS: A 1° wedge removed from the tibia resulted in an average correction of F–T alignment of 1.2°. A
knee that had increased valgus orientation of the distal femur had a greater degree of correction, averaging
1.46° in F–T alignment per degree of tibial wedge. This resulted in excessive postoperative valgus align-
ment for some patients who had increased valgus tilt of the distal femur. Optimal F–T alignment of
6° to 14° of valgus occurred when the postoperative tibial inclination was 4° to 8° of valgus.
CONCLUSIONS: There was a trend for knees with increased valgus orientation of the distal femur to have
greater correction in F–T alignment after tibial osteotomy, likely because of a greater opening up of the
medial joint space during stance. Surgeons need to account for this in their preoperative
planning.

OBJECTIF : Étudier des facteurs qui ont une incidence sur l’alignement fémorotibial (FBT) après une ostéo-
tomie tibiale cunéiforme de varisation.
CONCEPTION DE L’ÉTUDE : Étude de radiographies normalisées en position debout. On a mesuré l’aligne-
ment fémorotibial un an après l’intervention pour déterminer la surcorrection et la sous-correction. On a
mesuré les changements de l’alignement FBT et de l’angle du plateau tibial.
CONTEXTE : Hôpital urbain et clinique d’orthopédie.
PATIENTS : Quatre-vingt-deux patients atteints d’ostéoarthrite et d’un alignement fémorotibial varus ont
subi une ostéotomie tibiale cunéiforme de varisation. Les patients chez lesquels on a diagnostiqué une
arthrite inflammatoire ou qui avaient déjà subi une ostéotomie dans la région du genou ont été exclus.
RÉSULTATS : Une résection tibiale cunéiforme de 1° a corrigé en moyenne de 1,2° l’alignement FBT. Dans
le cas d’un genou dont la partie distale du fémur était ouverte davantage, la correction, plus importante,
s’établissait en moyenne à 1,46° de l’alignement FBT par degré de résection tibiale cunéiforme. Il en a dé-
coulé un alignement post-opératoire excessif de l’ouverture chez certains patients qui ont présenté une in-
clinaison accrue de la partie distale du fémur. L’alignement FBT optimal de 6° à 14° du valgus s’est pro-
duit lorsque l’inclinaison du tibia après l’intervention s’établissait à 4° à 8° du valgus.
CONCLUSIONS : Les genoux ouverts davantage à la partie distale du fémur avaient tendance à présenter une
correction plus marquée de l’alignement FBT après une ostéotomie tibiale, probablement parce que l’es-
pace articulaire médial était plus ouvert en position debout. Les chirurgiens doivent en tenir compte dans
leur planification préopératoire.



FEMOROTIBIAL ALIGNMENT IN TIBIAL OSTEOTOMY

CJS, Vol. 42, No. 5, October 1999 367

Valgus tibial osteotomy has
been effective in the treat-
ment of medial compartment

osteoarthritis for patients with varus
knee deformity. Its success depends
on achieving optimal realignment of
the femorotibial axis, generally agreed
to be in the range of 6° to 14° of val-
gus.1–6 Under-correction of alignment
heightens the risk of a poor clinical
outcome. Over-correction tends to
lead to good pain relief but poor
cosmesis. A review of 79 high tibial
osteotomies, at a mean follow-up of
5.8 years, showed over-correction in
20% of cases and under-correction in
7%.7 When there was over-correction,
the change in femorotibial (F–T)
alignment exceeded the magnitude of
the tibial wedge. Our goal was to
identify factors other than the size of
tibial wedge resected that contributed
to F–T realignment during high tibial
osteotomy.

METHODS

Patients and measurements

We reviewed the records from
1986 to 1992 of patients who under-
went high tibial osteotomy after a full
preoperative radiographic evaluation.
Postoperative radiographs were com-
pleted at 1 year after operation. Pa-
tients were included in the study if
they had varus limb alignment, which
was defined as an F–T angle of less
than 5° of valgus. Patients with
rheumatoid arthritis or previous os-
teotomy to the same knee were ex-
cluded. There were 45 men and 37
women, for a total of 82 knees. Pre-
operative radiographic assessment was
made by Questor Precision Radiogra-
phy (Queen’s University, Kingston,
Ont.) within a month of operation.
This is a standardized method of
standing radiographs of the knees and
hips. The patient is positioned inside a
calibrated frame and standing radi-
ographs are obtained. They provide

accurate, reproducible data.8 Bone
landmarks are identified, and the films
are digitized. The radiographic pro-
gram then calculates the limb’s me-
chanical axis and alignment data. The
following angles were used in this
study and are shown in Fig. 1:
• The F–T angle, which is the angle

between the femoral shaft and the
tibial shaft. By convention, a val-
gus alignment of the knee is de-
fined as a positive angle and varus
alignment as a negative angle. This
line compares the mechanical axis
of the tibia to the anatomic axis of
the femur.

• The tibial plateau (TP) angle,
which is the angle between the tib-
ial plateau and the line perpendicu-
lar to the tibial shaft. By conven-
tion, a valgus alignment of the tibia
is defined as a positive angle and a
varus alignment as a negative angle.

• The condylar–hip (CH) angle,

which is the angle from the centre
of the femoral head to the line per-
pendicular to the joint line of the
femur. This angle represents the
mechanical axis of the femoral
joint surface.

• The distal femoral valgus (DFV)
angle, which is the line from the
anatomic axis of the femur to the
femoral joint surface.

Operative procedure

All operations, performed by a sin-
gle surgeon (M.A.S.), were valgus lat-
eral closing wedge tibial osteotomies
done above the level of the tibial tu-
bercle. Staples were used for fixation,
and limbs were placed in a cast for 6
weeks postoperatively. Postoperative
assessment at 1 year was performed by
the Questor radiographic method, ob-
taining the same alignment measure-
ments as preoperatively.

FIG. 1. Lower limb measurements (coronal plane) used in the study. FS/TS = the angle between the
femoral shaft anatomic axis and the tibial shaft anatomic axis; CH (condylar–hip) = the angle be-
tween the articular surface of the femur and a line perpendicular to the femoral mechanical axis —
positive for valgus; TP (tibial plateau) = the angle between the tibial plateau (tangent to the margins)
and a line perpendicular to the tibial shaft anatomic axis — negative for varus, positive for valgus;
FS-TC (femoral shaft-transcondylar) = the angle between the femoral articular surface and the line
perpendicular to the anatomic axis of the femur.



Data analysis

The postoperative F–T angle was
used as the main measure of align-
ment outcome. We sought to relate
this angle to the change in the TP an-
gle arising from the osteotomy. Post-
operative F–T alignment was also re-
lated to the preoperative inclination of
the distal femur (CH angle). Statisti-
cal comparisons were by linear regres-
sion and 2-tailed, unpaired t-tests. A p
value of 0.05 or less was considered
significant.

RESULTS

The data are summarized in Table
I. In general, alignment was fairly well
corrected. The mean (and standard
deviation) F–T angle changed from 
−4.2° (4.6°) preoperatively to 10.8°
(5.0°) postoperatively. The relation-
ship between the postoperative F–T
angle and the TP angle is shown in the
scatter plot (Fig. 2). As expected,
there was a linear correlation between
these variables (r = 0.52, p < 0.001).
The scatter plot shows that the

chance of correct F–T alignment was
optimized when the TP angle fell
within the range of 4° to 8° of valgus.
Seventy-five percent of knees with a
postoperative TP angle of 4° to 8° of
valgus had an F–T angle of 6° to 14°
of valgus. For knees in which correc-
tion of the TP angle fell outside the 4°
to 8° range, the incidence of correct
F–T alignment fell off markedly. The
data show that the postoperative F–T
alignment was not solely a function of
the change in the TP angle. This dif-
ference was expressed as the Delta an-
gle, which equals the change in F–T
angle minus the change in TP angle.
The Delta angle represents the addi-
tional correction in the F–T alignment
not explained by the size of the tibial
wedge. It represents the change in the
joint space and any errors in measure-
ment. The mean Delta angle for all 82
knees was 3.5°.

The relationship between the Delta
angle (change in joint space) and the
alignment of the distal femur is shown
in Fig. 3. There was a statistically sig-
nificant correlation between the size
of the Delta angle and the orientation
of the distal femoral articular surface
(r = 0.36, p < 0.001). There is a
greater degree of over-correction in
knees with increased valgus orienta-
tion of the distal femur, and an in-
creased incidence of under-correction
in knees with less valgus orientation of
the distal femur. In 14 patients there
was under-correction of the F–T an-
gle postoperatively. In 10 (71%) of
them, orientation of the distal femur
was less than normal with a CH angle
less than 2°.
We subdivided the knees into

groups based on the CH angle (orien-
tation of the distal femur) as being less
(group 1) or greater (group 2) than
2°. The mean CH angle differed by
3.7° between the groups. The other
preoperative alignment variables were
not statistically different between the
groups. Postoperatively, the Delta an-
gle for group 1 was less than that for

group 2. For group 1, there was 1.2°
of F–T correction per 1° of correction
in the TP angle. For group 2, there
was 1.46° of F–T correction per 1°
correction in TP angle (p = 0.05).
This indicates that the degree of align-
ment change in F–T angle per degree
of tibial wedge resected differed de-
pending on the preoperative orienta-
tion of the distal femur.

DISCUSSION

To optimize the outcome of tibial
valgus osteotomy, numerous studies
have shown that the postoperative F–T
angle should be in the range of 6° to
14° of valgus. In practice, both over-
and under-correction of limb align-
ment are common. Numerous studies
have shown that under-correction with
less than 6° of F–T valgus leads to more
early clinical failure of the osteotomy.
Our findings suggest that there is a risk
of over-correction of alignment when
there is greater valgus orientation of
the femur and under-correction when
there is a less valgus orientation of the
femur. This study also suggests that
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Table I

(4.3)

(4.8)

(2.7)

(1.9)

(4.5)

Mean (and Standard Deviation) Angles of Lower-Limb Alignment and Geometry
Before and After High Tibial Osteotomy

0.3

Angles

0.1

Preoperative

0.6

< 0.001

Femorotibial 0.8

Condylar–hip

p value

Tibial plateau

Postoperative

5.6

NC

11.7

�5.4

3.5

�4.1

Group 2,*
n = 38

(4.0)

(5.0)

(3.5)

(1.6)

(4.8)

Change

�5.2

1.5

�4.2

All knees,
n = 82

(3.1)

(2.5)

(4.6)

�5.0

�0.2

�4.3

Group 1,* 
n = 44

Femorotibial 15.0 (5.4) 14.3 (4.8) 0.2 15.8 (6.0)

Tibial plateau 11.4 (4.0) 11.7 (3.7) 0.6 11.2 (4.3)

Delta angle† 3.5 (4.6) 2.6 (4.0) 0.05 4.6 (4.0)

*Group 1 = condylar–hip angle < 27 of valgus, group 2 = condylar–hip angle ≥ 27.
†Mean change of alignment less mean change of tibial plateau varus
NC = no change.

Femorotibial 10.8 (5.0) 9.9

Condylar–hip NC NC

Tibial plateau 6.1 (4.1) 6.6



there may be an optimal postoperative
TP angle of between 4° and 8° of val-
gus, which optimizes the postoperative
F–T alignment.
Our findings are in agreement with

those of Terauchi and colleagues,9 who
found that a postoperative TP angle of
7° to 9° of valgus resulted in an F–T
angle of 11° to 15° of valgus. Similarly,
they found that the change in F–T
alignment was greater than the size of
the tibial wedge. For their data, this
additional change in alignment repre-
sented the amount that the joint space
angle had changed. In their study, the
preoperative TP angle was 7° of varus
and the postoperative angle 10° of val-
gus for an average size in tibial wedge
of 17°. Their preoperative F–T angle
averaged 7° of varus, with a postopera-
tive angle averaging 15.6° of valgus.
This represented a correction of 23.6°
of valgus. Their joint space angle
changed from 8.5° of varus to 3.1° of
varus for a valgus correction of the
joint space averaging 5.4°.

For Terauchi and colleagues, a 1°
change in TP angle resulted in an av-
erage 1.38° change in F–T angle. Al-
most all of this additional change in
femoral alignment was accounted for
by the change in the joint space angle.
The magnitude of the additional
change in the F–T angle for their data
was very similar to ours. Hence, our
Delta angle probably represents the
amount that the medial joint space
opens up with stance. Unfortunately,
the Questor radiographic system does
not measure a joint space angle: our
early results of trying to measure it
had an unacceptably large standard er-
ror.8 We retrospectively determined
the change in medial joint space for a
subgroup of 24 of these 83 knees. The
medial joint space increased from an
average of 2.8 mm to 3.56 mm. Knees
in group 2 (n = 12) (with increased
valgus alignment of the femur), had a
0.8-mm increase in the medial joint
space compared with a 0.7-mm in-
crease in medial joint space for 12

knees in group 1. Given the small size
of the subgroups, this difference was
not statistically significant.
The magnitude of the Delta angle

(change in joint space) depends on the
orientation of the distal femur. Knees
that had a large amount of femoral
valgus would have a CH angle greater
than 2° (or a DFV angle of greater
than 8°). For these knees, there is a
greater tendency for the medial joint
to open up during stance.
We used the CH angle to measure

the orientation of the distal femur.
This angle measures the mechanical
axis of the femur, which is the orienta-
tion of the distal femur with respect to
the hip joint. Most orthopedic sur-
geons are more familiar with the
anatomic axis of the femur (DFV an-
gle), which is the angle from the
femoral shaft to the line paralleling the
articular surface. Research has shown
that the mechanical and anatomic axes
of the femur are closely related and dif-
fer by an average of 6°.10,11 A CH angle
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FIG. 2. Scatterplot shows the postoperative angle of femorotibial (F–T) re-
alignment (FS/TS) as a function of postoperative tibial plateau angle (TP).
Data are for all knees (n = 82). Regression data were: r2 = 0.273; b (slope)
= 0.625; a (y intercept) = 6.94. Horizontal grid lines denote the “accept-
able” range of F–T realignment: 6° to 14° .

FIG. 3. Scatterplot showing the relationship between the Delta angle and
the preoperative condylar–hip (CH) angle. Data are for all knees (n = 82).
Regression data were: r2 = 0.129; b (slope) = 0.657; a (y intercept) = 2.54.
The vertical grid line corresponds to a median CH angle of 2°.



RUDAN ET AL

370 JCC, Vol. 42, No 5, octobre 1999

of greater than 2° would correspond
to a DFV angle of 82° (i.e., 8° of val-
gus). We defined our groups as having
greater than average femoral valgus or
less than average femoral valgus.

RECOMMENDATIONS

As part of the preoperative plan-
ning for tibial osteotomy, we recom-
mend that surgeons measure the
alignment of the distal femur. If there
is a valgus orientation of the distal fe-
mur with respect to the femoral shaft
(anatomic axis) greater than 8°, then
the aim would be for a postoperative
F–T angle of 8°. This would normally
correspond to a postoperative TP an-
gle of 4° to 6° of valgus. In knees that
have a lesser valgus orientation of the
distal femur (less than 8° with respect
to the anatomic axis), we recommend
aiming for an F–T angle of 10°, which
would correspond to a postoperative
TP angle of 6° to 8° of valgus.

We thank Dr. Allan Scudamore for assistance
with this manuscript.
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The hallmark of acute emphysematous cholecystitis is the presence of gas bubbles on a plain x-ray or computed to-
mographic (CT) scan of the abdomen. This fulminant form of acute cholecystitis is caused by a mixed aerobic and
anaerobic infection. It is seen more often in elderly diabetic men than any other group. Urgent operation is indi-
cated to prevent the common sequelae of gangrene, perforation, and peritonitis. The presence of diabetes places the
patient at a greater risk for complications regardless of whether the procedure is acute or elective. Intravenous hy-
dration, systemic antibiotics directed against the organism likely encountered, and blood sugar control are also re-
quired. Antacid therapy and endoscopy have no role in the treatment of acute emphysematous cholecystitis.
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