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ABSTRACT

In a consecutive series, we treated 41 young patients
who had anterior cruciate ligament deficiency, lower
limb varus angulation, and varying amounts of postero-
lateral ligament deficiency. Seventy-three percent of
the patients (N 5 30) had lost the medial meniscus and
63% (N 5 26) had marked articular cartilage damage
in the medial compartment. All patients were treated
with high tibial osteotomy and, in the majority (N 5 34),
anterior cruciate ligament reconstruction a mean of 8
months later. Posterolateral reconstructions were also
required in 18 knees. A 100% follow-up was obtained
at a mean of 4.5 years after osteotomy. Gait analysis
testing was done in 17 knees before and after osteot-
omy. At follow-up, a reduction in pain was found in 71%
(29 knees); elimination of giving way, in 85% (35
knees); and resumption of light recreational activities
without symptoms, in 66% (27 knees). The patient
rating of the knee condition was normal or very good in
37% (15 knees) and good in 34% (14 knees). The
mean Cincinnati Knee Rating Score significantly im-
proved from 63 to 82 points. The mean adduction
moment, 35% higher than controls preoperatively, sig-
nificantly decreased to below normal values postoper-
atively. Correction of varus alignment was maintained
in 33 knees (80%). We recommend osteotomy in ad-
dition to ligament reconstructive procedures in these
knees with complex injury patterns.

High tibial osteotomy has gained acceptance as a treat-
ment option for young patients with lower extremity varus
osseous malalignment and symptomatic medial tibiofemo-
ral compartment arthrosis. Patients with this knee defor-
mity generally have better results when the osteotomy is
performed early in the arthrosis process, before the expo-
sure of subchondral bone in the medial tibiofemoral com-
partment.7,13,30 Partial to complete loss of the medial
meniscus is a significant factor in physiologically varus
aligned knees in terms of the early onset of medial com-
partment arthrosis and poor functional outcomes, even
after high tibial osteotomy.5,15,26 The decisions regarding
treatment for young patients with these abnormalities
become more difficult when ligament deficiencies are
present.

To classify the anatomic abnormalities of these knees,
we previously devised the terms primary-, double-, and
triple-varus knee syndromes.27 These terms take into ac-
count the underlying tibiofemoral osseous and geometric
alignment, abnormal knee motion limits, abnormal knee
joint positions (subluxations), and specific ligament de-
fects (Fig. 1). Primary varus refers to the tibiofemoral
osseous alignment and geometry at the knee joint includ-
ing the added varus alignment that occurs with loss of the
medial meniscus and damage to the articular cartilage in
the tibiofemoral joint.4 In varus angulated knees, it is well
appreciated that the lateral soft tissue restraints may
become slack, allowing for increased lateral joint opening.
In these situations, separation of the lateral tibiofemoral
compartment occurs with activity (lateral condylar lift-
off).12,35 The term double varus was coined for these knees
because the lower limb varus alignment occurs because of
two factors: the tibiofemoral osseous alignment and sepa-
ration of the lateral tibiofemoral compartment due to de-
ficiency of the lateral soft tissues. Chronic excessive ten-
sile forces in the posterolateral ligament structures, or
traumatic injury, may further result in a varus recurva-
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tum position.8 This condition is referred to as triple varus,
where the varus alignment occurs because of three factors:
tibiofemoral osseous alignment, marked separation of the
lateral tibiofemoral compartment, and increased external
tibial rotation and hyperextension with an abnormal va-
rus recurvatum position.

Patients with double- or triple-varus knee syndromes
often have instability symptoms related to ACL deficiency,
pain symptoms originating from the medial compartment
arthrosis, and varus or hyperextension gait abnormalities.
We previously reported the altered gait characteristics
that may be present, including decreased external knee
flexion moments, high external adduction moments, in-
creased external knee extension moments, and increased
knee hyperextension during stance phase.23,26

The purpose of this investigation was to prospectively
assess the outcome of operative treatment for these com-
plex abnormalities in a consecutive series of patients who
had combined high tibial osteotomy and ligament recon-
structive procedures. Second, we sought to determine the
magnitude of external knee moments before and after

high tibial osteotomy and to assess the ability of the op-
erative procedures to restore normal gait characteristics.
This represents the first report in the English literature
that we are aware of to determine the outcome of opera-
tive treatment in patients with double- and triple-varus
knee syndromes.

MATERIALS AND METHODS

Subjects

To be included in this study, patients had to have varus
malalignment treated by high tibial osteotomy, ACL defi-
ciency treated by bone-patellar tendon-bone graft recon-
struction, and partial to complete lateral ligament defi-
ciency. We excluded patients with posterior cruciate or
medial ligament deficiency and ACL ruptures recon-
structed with other types of grafts. A total of 41 knees (23
double varus, 18 triple varus) met these criteria (Table 1).
A 100% follow-up was obtained at a mean of 4.5 years
(range, 2 to 12) after the osteotomy. The majority of pa-
tients (N 5 32) sustained the original knee injury during
sports, and all except two had at least one operative pro-
cedure before the high tibial osteotomy (Table 2). Before
referral to our center, 15 patients had had 19 ACL recon-
structions that had failed. Thirty patients (73%) had had
a partial or total medial meniscectomy before the
osteotomy.

Evaluation and Overall Rating

All patients were interviewed for the subjective and func-
tional analysis using the Cincinnati Knee Rating System2

by an unbiased observer. An overall rating score was
calculated preoperatively and at follow-up for each pa-
tient. Modification of the rating of symptoms was required
as previously described.15 Patients rated the overall con-
dition of the knee on a numeric scale by circling a number
from 1 (poor) to 10 (normal) that best represented the knee
condition.

A KT-2000 arthrometer (MEDmetric Corp., San Diego,
California) was used to test instability with 134 N of total
anterior-posterior force. Arthrometry testing was done by
one experienced examiner preoperatively and at intervals

Figure 1. Categories of varus angulation based on cause
(see text for details). WBL, weightbearing line.

TABLE 1
Patient Characteristics and Timing of Operative Procedures and Follow-up (Means and Ranges)

Variablea Double-varus knees
(N 5 23)

Triple-varus knees
(N 5 18)

Age at HTO (years) 30 (19–47) 28 (16–46)
Men (number) 21 11
Women (number) 2 7
Time from original knee injury to HTO (months) 98 (4–255) 48 (4–176)b

Operative procedures before HTO (number) 3.2 (1–6) 4 (0–11)
Time from HTO to ACL reconstruction (months) 6 (0–31) 7 (0–44)c

Time from HTO to follow-up (months) 57 (28–143) 52 (23–100)
Time from ACL reconstruction to follow-up (months) 48 (23–130) 50 (19–99)

a HTO, high tibial osteotomy.
b Significant difference between double- and triple-varus knees (P , 0.01).
c Four patients who had ACL reconstruction done before HTO were not included.
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postoperatively in all patients except seven who had bi-
lateral ACL ruptures.38 The results of the arthrometry
and pivot shift tests were used to classify the results of the
ACL reconstructions as functional, partially functional, or
failed based on a previously described system.21

For the lateral and posterolateral structures, the results
of the manual varus stress test (lateral joint opening at
25° of flexion), external tibial rotation test,5 and varus
recurvatum tests were combined to produce a rating of
functional, partially functional, or failed.18 A functional
classification was given when less than 3 mm of increase
in lateral joint opening and less than 5° of increase in
external tibial rotation were detected. A partially func-
tional classification was given when between 3 and 5 mm
of increase in lateral joint opening or 6° to 10° of increase
in external tibial rotation was detected. A grade of failure
was given if more than 5 mm of increase in lateral joint
opening or more than 10° increase in external tibial rota-
tion was detected.

Gait Evaluation and Preoperative Planning

The methods for our preoperative evaluation and surgical
planning have been previously described (Fig. 2).4 The
patients’ gait during walking was observed for a varus
thrust or hyperextension position during stance phase.23

Seventeen patients (12 double varus and 5 triple varus)
consented to gait analysis testing both before and at a
mean of 2 years after the high tibial osteotomy. Patients
who had preoperative gait testing but did not undergo
follow-up testing were excluded from this analysis. The
GaitLink system (Computerized Functional Testing Cor-
poration, Chicago, Illinois) included a two-camera, video-
based optoelectronic digitizer for measuring motion and a
multicomponent force plate (Bertec, Columbus, Ohio),
camouflaged under a 10-meter walkway, for measuring
ground-reaction force. The measurements were obtained
by a microcomputer-based data acquisition system and
were processed remotely.1,31 For this study, a control pop-
ulation of 28 age- and sex-matched normal subjects was
used for comparisons. All moments were normalized to the
product of body weight multiplied by height and were
expressed as a percentage of that product. All patients
who had postoperative gait testing had normal knee mo-
tion of at least 0° to 135° and no knee arthrofibrosis. A
mathematical model was used to predict the joint reaction

loads, lateral soft tissue forces, and muscle forces as de-
scribed previously.26

A radiographic evaluation was performed from double-
stance, full-length films in which the weightbearing line
and mechanical axis were determined using a method
previously described.4 The medial joint space narrowing
was evaluated by posteroanterior weightbearing views
taken at 45° of knee flexion.33

Articular Cartilage

The articular surfaces of the patellofemoral and tibiofemo-
ral joints were classified according to a previously de-
scribed system.28 Lesions were classified as abnormal if
fissuring and fragmentation extended to at least one-half
the depth of the articular surface (grade 2B) over an area
of at least 15 mm or if subchondral bone was exposed
(grade 3).

Thirty knees had abnormal articular cartilage lesions.
In 18 knees, 1 compartment was affected; and in 12 knees,
2 compartments (patellofemoral and medial tibiofemoral)
were affected.

Twenty-six knees (63%) had lesions in the medial com-
partment. In 8 knees, grade 3 lesions were found; and in
18 knees, grade 2B lesions were noted. In 11 knees, both
the femur and tibia were affected; and in 15 knees, only
the femur was affected. Twenty-one of these knees had
previously had a partial or total medial meniscectomy.
Sixteen knees had lesions in the patellofemoral
compartment.

Operative Procedures

In 21 (91%) of the double-varus knees the ACL was recon-
structed a mean of 9 months after the high tibial osteot-
omy, and in 2 knees the osteotomy and ACL reconstruc-
tion were done simultaneously. Thirteen knees operated
on between 1984 and 1990 had ACL allograft reconstruc-
tion, and 10 knees operated on after 1990 had ACL au-
tograft reconstruction. This change in graft selection was
due to the initiation of a prospective study in 1991 where
all ACL reconstructions were done using bone-patellar
tendon-bone autografts.16 In five knees fresh-frozen irra-
diated medial meniscus allografts were implanted during
the ACL reconstruction.20 All of these knees had signifi-
cant articular cartilage damage to the medial tibiofemoral
compartment, prior total medial meniscectomies, and pro-
longed medial joint pain; all of these were indications for
a meniscus allograft procedure according to the study
protocol at that time.20

In 13 (72%) of the triple-varus knees, the ACL was
reconstructed a mean of 8 months after the osteotomy.
One patient had the osteotomy and ACL reconstruction
done simultaneously. Four patients had the ACL recon-
struction done before the osteotomy in an attempt to avoid
the osteotomy. Eight knees had ACL allografts and 10 had
ACL autografts. In one knee, a meniscus allograft was
implanted at the time of ACL reconstruction.

All triple-varus knees had reconstruction of the postero-
lateral structures; 12 (67%) had a proximal advancement

TABLE 2
Operative Procedures Undergone by Patients Before High

Tibial Osteotomy

Procedure
Double-
varus
knees

Triple-
varus
knees

Arthroscopy 32 36
Medial meniscectomy, partial or total 24 10
ACL reconstruction 9 10
Lateral meniscectomy, partial 5 4
Meniscus allograft or repair 2 2
Lateral collateral, posterolateral

reconstruction
0 4
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Figure 2. Algorithm for the diagnosis and treatment of young, athletic patients with varus angular alignment and injury to the
lateral ligaments and soft tissues. CFH, center femoral head. HTO, high tibial osteotomy; WBL, weightbearing line. * 2nd Method,
measure angle of tibial radiograph cut at level of osteotomy to achieve 62% coordinate on the tibial plateau. (Reprinted with
permission from Dugdale TW, Noyes FR, Styer D: Preoperative planning for high tibial osteotomy: The effect of lateral
tibiofemoral separation and tibiofemoral length. Clin Orthop 274: 246–264, 1992)
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of the posterolateral complex18 with the ACL reconstruc-
tion, and 6 had an allograft procedure19 (5 with the ACL,
1 with the osteotomy). The knees that had the proximal
advancement procedure had a definite, although lax, lat-
eral collateral ligament of normal width and integrity and
also had intact popliteal muscle-tendon and popliteal fib-
ular attachments that were previously described as an
indication for this procedure.18 The knees that had allo-
graft reconstruction had extensive damage to the postero-
lateral tissues; the indications and techniques have been
previously described.19

The goal of the high tibial osteotomy was to align the
weightbearing axis of the lower limb so that it passed
through the 62% coordinate of the width of the tibial
plateau (0% corresponded to the medial border of the
tibial plateau and 100% corresponded to the lateral
border).4, 15 A proximal tibial closing wedge osteotomy
was done with the aid of a commercially available cut-
ting jig system (NexGen Osteotomy System, Zimmer,
Warsaw, Indiana). Internal plate fixation was accom-
plished with an L-shaped five-hole buttress plate, two
6.5-mm cancellous bone screws in the proximal tibia,
and two to three cortical screws distal to the osteoto-
my.25, 27 Disruption of the proximal tibiofibular joint
was avoided to prevent proximal migration and laxity in
the posterolateral structures. An osteotomy of the fibula
was performed at the fibular neck, with bone removed to
allow for compression at the fibular osteotomy site. An
image intensifier was used at surgery to measure the
weightbearing line during axial loading of the joint to
ensure the 62% coordinate had been achieved.

Postoperative Rehabilitation

The protocols for rehabilitation after high tibial osteot-
omy, ACL reconstruction, and posterolateral structure
reconstruction have been previously described in de-
tail.16, 18, 27 The rehabilitation program after the osteot-
omy included immediate range of motion (0° to 90°),
quadriceps muscle isometric exercises, straight leg
raises, patellar mobilization, and electric muscle stim-
ulation. For the 1st week after surgery, ice, mild com-
pression, and elevation were used to prevent edema and
swelling. Patients were ambulatory for short periods of
time but were instructed to elevate their limb, remain
home, and not resume usual activities. Prophylaxis for
deep vein thrombosis included intermittent compres-
sion stocking boots the 1st night after surgery, antiem-
bolism stockings, ankle pumps, and aspirin (600 mg
once a day for 3 weeks).

A Bledsoe long-leg brace (Bledsoe, Grand Prarie, Texas)
was worn for the first 8 postoperative weeks. Patients
were allowed toe-touch weightbearing for the first 3 weeks
to prevent excessive forces at the osteotomy site. Weight-
bearing was gradually increased to full by the 8th to 10th
postoperative week if radiographs demonstrated adequate
healing and maintenance of the osteotomy position. The
protocol emphasized strengthening of the quadriceps,
hamstring, hip, and gastrocnemius-soleus musculature.
Closed-chain exercises and stationary bicycling were be-

gun at the 5th postoperative week, and weight-machine
exercises were begun at the 7th to 8th postoperative week.
Excessive use of bicycling and weight machines was not
allowed in patients with articular cartilage damage. By
the 9th to 12th postoperative week, other aerobic condi-
tioning exercises were begun as appropriate, including
swimming, ski machines, and walking.

Patients who had reconstruction of the posterolateral
structures had immediate knee motion and maximal pro-
tection against undue joint loads to prevent failure. Pa-
tients were warned to avoid knee hyperextension posi-
tions and varus loads that could place excessive forces on
the posterolateral reconstruction. A Bledsoe postoperative
brace was worn locked at 0° of extension at all times to
protect the posterolateral reconstruction, except during
range of motion exercises done four times daily for the
first 4 weeks. Full knee motion was then allowed. On
return to full weightbearing (12th postoperative week), a
Bledsoe custom medial thruster brace was worn to provide
additional protection to the posterolateral structures dur-
ing gait and to prevent excessive opening of the lateral
tibiofemoral compartment. Patients were allowed 0° to 90°
of knee flexion immediately after surgery, with flexion
slowly advancing to 130° by the 12th postoperative week.
Patellar mobilization, flexibility exercises, and strength-
ening and conditioning programs were similar to those
used after osteotomy.

Patients who expressed the desire to return to strenu-
ous sports activities were advised of the risk of further
cartilage deterioration if damage was present during any
of the surgical procedures, and they were given medical
consent only when muscle strength tests showed the
strength of the quadriceps muscles on the involved limb
was at least 70% that of the contralateral limb and no pain
or swelling were incurred during or after activities. We
strongly recommended to the majority of patients in this
study a return to only light recreational sports activities
and avoidance of high-impact athletic activities.

Statistical Analyses

The preoperative and follow-up data for the double- and
triple-varus knees were compared to determine the effect
of the various anatomic abnormalities on selected objec-
tive and subjective variables. The results of anterior-pos-
terior displacement and pivot shift testing for knees that
had ACL autogenous reconstructions were compared with
those for knees with allograft reconstructions. Statistical
tests used included chi-square and contingency table anal-
yses and Student’s unpaired t-tests, with alpha level less
than 0.05 selected for significance.

There was no significant difference found between the
double- and triple-varus knees for multiple comparisons,
including 20 demographic and preoperative variables and
18 follow-up variables. Examples of these comparisons are
shown in Table 3. The data were therefore combined for
the analysis of outcome in the 41 knees.

286 Noyes et al. American Journal of Sports Medicine



RESULTS

Symptoms, Function, and Activity Level

At follow-up, statistically significant improvements were
found for pain, swelling, and giving way (P , 0.001) (Fig.
3). Before the high tibial osteotomy, 18 patients (44%) had
severe-to-moderate pain with activities of daily living,
whereas at follow-up only 7 patients (17%) had pain with
these activities. Overall, 29 patients (71%) had improved
pain scores and 28 patients (68%) had improved swelling
and giving-way scores.

At follow-up, statistically significant improvements
were found for the activities of daily living functions (P ,

0.05) (Fig. 4). Preoperatively, 10 patients (24%) had severe
problems with normal walking, 13 patients (32%) had
limitations with stair climbing, and 25 patients (61%) had
severe difficulty squatting. At follow-up, only 3 patients
(7%) continued to have problems with walking; 5 patients
(12%), with stair climbing; and 10 patients (24%), with
squatting.

At follow-up, statistically significant improvements
were found for the sports functions (P , 0.05) (Fig. 5).
Preoperatively, only 9 patients (22%) could run with no
or only slight limitations, and at follow-up 16 patients
(39%) could run with no or only slight limitations. Pre-
operatively, 14 patients (34%) participated in sports

TABLE 3
Demographic, Preoperative, and Follow-up Comparisons Between Double- and Triple-Varus Knee Subgroups (Means 6 SD)

Variablea
Demographic/Preoperative Follow-up

Double varus Triple varus Double varus Triple varus

Age (years) 30 6 7 28 6 9
Time from injury to HTO (months) 98 48b

Prior operative procedures (no.) 3.2 6 1.5 4.0 6 3.0
Anterior-posterior displacement (mm) 12.7 6 3.6 12.4 6 5.8 2.9 6 5.2 2.7 6 5.5
Overall rating score (0–100 points) 62 6 11 64 6 12 82 6 15 83 6 12
Pain score (0–6 points) 2.9 6 0.9 2.3 6 0.9 5.2 6 1.7 5.0 6 1.7
Swelling score (0–6 points) 3.2 6 0.9 2.7 6 0.9 5.3 6 1.1 5.1 6 1.2
Partial giving way score (0–6 points) 2.8 6 1.0 2.6 6 0.8 5.7 6 0.7 5.2 6 1.4
Full giving way score (0–6 points) 3.1 6 1.0 2.9 6 1.0 5.7 6 0.9 5.4 6 0.9
Patient grade score (0–10 points) 3.9 6 2.3 3.5 6 1.7 5.9 6 1.7 5.7 6 1.9
Walking score (0–40 points) 30.9 6 9.9 28.9 6 10.2 36.1 6 6.5 35.5 6 9.8
Stair climbing score (0–40 points) 26.9 6 13.9 25.0 6 13.4 31.7 6 13.3 31.1 6 12.3
Running score (40–100 points) 53.9 6 22.1 52.5 6 21.8 64.3 6 24.8 66.7 6 21.7
Jumping score (40–100 points) 51.3 6 17.9 47.8 6 15.5 61.7 6 24.1 65.5 6 22.5
Cutting score (40–100 points) 45.2 6 12.4 45.5 6 11.5 59.1 6 22.9 63.3 6 24.0
Mechanical axis (degs) 21.6 6 6.3 24.4 6 5.7 1.3 6 2.7 2.0 6 3.1
Follow-up (months) 57 52
Follow-up operative procedures (no.) 3.7 6 2.2 3.0 6 2.2

a HTO, high tibial osteotomy.
b Significant difference between double- and triple-varus knees (P 5 0.01).

Figure 3. Statistically significant improvements were found for pain, swelling, and giving way from preoperative to follow-up
(P , 0.01). ADL, activities of daily living.
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activities, all of whom had symptoms (Table 4). At fol-
low-up, 27 patients (66%) had returned to athletics
without symptoms. Most patients were participating in
light swimming or bicycling activities only, based on our
advice.

Twenty-three patients were employed before the osteot-
omy procedure: 11 in light occupations with no problems,
9 in moderate occupations with symptoms, and 3 in very
heavy occupations with symptoms. Nine other patients
were disabled, and nine were students or homemakers. At
follow-up, 34 patients were employed: 20 in light occupa-
tions with no problems, 10 in moderate occupations of
whom 5 were symptomatic, and 4 in very heavy occupa-

tions of whom 3 were symptomatic. Three patients were
disabled and 4 were students or homemakers.

Overall Rating Scores and Patient Perception

Statistically significant improvements were found in the
mean overall rating score from preoperative to follow-up
(63 6 11 points and 82 6 14 points, respectively, P 5
0.0001). The average increase was 20 6 10 points (range,
2 to 39); no patient had a decrease in this score.

At follow-up, 1 patient rated his knee as normal; 14, as
very good; 14, as good; 10, as fair; and 2, as poor. The mean
score on the scale was 6 points (range, 2 to 9).

Figure 4. Statistically significant improvements were found for walking, stair climbing, and squatting/kneeling from preoperative
to follow-up (P , 0.05). Walking scale: 0, less than 1 block; 20, only 3 to 4 blocks possible; 30, some limitations; 40, normal,
unlimited. Stairs: 0, only 1 to 10 steps possible; 20, only 11 to 30 steps possible; 30, some limitations; 40, normal, unlimited.
Squatting/kneeling: 0, only 0 to 5 possible; 20, only 6 to 10 possible; 30, some limitations; 40, normal, unlimited.

Figure 5. Statistically significant improvements were found for running, jumping, and twisting/turning from preoperative to
follow-up (P , 0.05). Scale: 40, not able to do; 60, definite limitations, half-speed; 80, some limitations, guarding; 100, fully
competitive.
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Effect of Articular Cartilage Condition

There was no statistically significant difference at fol-
low-up in either the pain scores or the patient rating
scores between the 8 knees with exposed subchondral
bone and the 18 knees with fissuring and fragmentation in
the medial tibiofemoral compartment (Table 5). There was
also no significant difference in these scores between pa-
tients who had abnormal cartilage surfaces in just one
compartment and those who had abnormal cartilage sur-
faces in two compartments. The improvements for these
scores from preoperative to follow-up were statistically
significant for these four subgroups (P , 0.01).

Knee Examination and Stability

Preoperatively, all patients with double-varus knees had
abnormal increases in lateral joint opening (mean, 4 mm;
range, 2 to 10 mm). No increase in external tibial rotation
was detected in 17 patients, and only mild increases of 5°
were found in 6 patients. At follow-up, no patient had
more than 2 mm of increase in lateral joint opening and
none had an increase in external tibial rotation. All re-
ceived functional ratings for the lateral and posterolateral
structures.

Preoperatively, all of the triple-varus knees had varus
recurvatum, increases in lateral joint opening (mean, 8
mm; range, 3 to 15), and increases in external tibial rota-
tion (mean, 9°; range, 3° to 15°). At follow-up, 13 knees
had a functional rating, 4 had partial function, and 1
failed.

Preoperatively, the triple-varus knees had hyperexten-
sion ranging from 5° to 20°. At follow-up, 16 knees had 0°
of extension (without hyperextension) and 2 knees had

hyperextension of 5° and 15°, similar to that measured
before the osteotomy. All 41 knees had at least 135° of
flexion at follow-up.

Four patients required revision after early failure of the
ACL allograft (three knees) or autograft (one knee) recon-
struction (see “Follow-up Operative Procedures”). With
inclusion of these revisions, a total of 45 ACL reconstruc-
tions were performed (23 allografts and 22 autografts).
The decrease in the mean AP displacement measurements
from preoperative (12.6 6 4.7 mm) to follow-up (2.8 6 5.3
mm) was statistically significant (P 5 0.0001). At follow-
up, 19 reconstructed knees (42%) were functional, 11
(24%) had partial function, and 15 (33%) had failed.

Ten (7 allografts and 3 autografts) of the 15 reconstruc-
tions that failed represented ACL revision cases. A statis-
tically significant difference was found in the failure rate
for ACL revision cases compared with primary reconstruc-
tion cases (67% and 33%, respectively, P 5 0.03). There
was no significant effect of ACL graft type on the failure
rate, overall rating score, pain, or patient grade score
(Table 6).

Gait Analysis Testing

There was no statistically significant difference in the
mean preoperative adduction moment between the dou-
ble-varus and triple-varus knees (4.1% 6 0.3% and 4.2% 6
0.3%, respectively). The preoperative and postoperative
study and control group values of knee joint moments,
compartment loads, and lateral ligament tensile forces are
shown in Table 7. The preoperative mean adduction mo-
ment of the study group was 35% higher (P , 0.001) than
that of the control group; 10 of the 17 patients (59%) had
values that were greater than 1 standard deviation above
control values (Fig. 6). The study group also had a 22%
higher predicted medial compartment load, and a 40%
higher lateral ligament tensile force, compared with the
control group (P , 0.01). Above-normal medial compart-
ment loads were predicted preoperatively in 71% of the
involved knees, and above-normal lateral soft tissue forces
during walking were predicted in 43% of the involved
knees. Seven knees (41%) demonstrated a reduced exter-
nal flexion moment.

Postoperatively, the adduction moment and lateral lig-
ament tensile force decreased to significantly lower than
control values. The medial compartment load decreased to
values equal to those of controls (Fig. 7). Only three knees
had a reduced external flexion moment.

TABLE 5
Results of Treatment in Knees With Abnormal Articular Cartilage

Type of abnormality Postoperative pain Postoperative
patient grade

Exposed bone, medial compartment (N 5 8) 5.0 6 1.9 5.4 6 1.9
Fragmentation, medial compartment (N 5 18) 5.1 6 1.7 5.9 6 1.9

Unicompartmental (N 5 18) 5.3 6 1.7 6.3 6 1.8
Bicompartmental (N 5 12) 4.7 6 1.8 5.2 6 1.7

TABLE 4
Sports Activities for All Patients

Type of sport Preoperative Follow-upa

Jumping, pivoting, cutting 2 (5%) 3 (7%)
Running, twisting, turning 9 (22%) 4 (10%)
Swimming, biking 3 (7%) 24 (59%)
No Sports 27 (66%) 10 (24%)
Change in sports activities at follow-up

Same level, no symptoms 1 (2%)
Increased level, no symptoms 19 (46%)
Decreased level, no symptoms 7 (17%)
Playing with symptoms 4 (10%)
No sports due to knee condition 9 (22%)
No sports due to non-knee-

related reasons
1 (2%)

a P 5 0.0001, chi-square analysis.
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Radiographic Evaluation of Alignment

Preoperatively, the mean weightbearing line was 22%
(range, 3% to 49%) and the mean mechanical axis was
26.2° (range, 212° to 21°). At surgery, all knees were
corrected to a weightbearing line of 62%. Early postoper-
ative radiographs showed that two knees were in exces-
sive valgus alignment (weightbearing line, 86%), and
these patients subsequently underwent revision surgery
(see “Follow-up Operative Procedures”). At follow-up, 33
knees (80%) were in an acceptable position (mean weight-
bearing line, 61%; range, 47% to 75%), 2 knees were in
slight varus (40% to 45%), 5 knees were in marked varus
(16% to 38%), and 1 knee was in excessive valgus (81%).

Patients with Meniscus Allografts

All six patients who received meniscus allografts reported
improvements in the ratings for pain, giving way, and
perception of the overall knee condition at follow-up. Sta-
tistically significant improvements were also found in the
mean overall rating score between the preoperative and
follow-up evaluations (61 6 10 points and 82 6 11 points,
respectively, P 5 0.006).

In two patients, arthroscopy and partial removal of
symptomatic medial meniscus allografts were required 10
to 12 months postoperatively. In these two knees, only the
inner one-third of the meniscus was removed to preserve

partial function of this structure. In one patient, two pro-
cedures were required to remove a symptomatic medial
meniscus allograft. No further surgery was required in the
other three knees.

Follow-up Operative Procedures

Additional surgery was performed in 14 knees (11 double-
varus, 3 triple-varus). Two triple-varus knees required
revision of the high tibial osteotomy. In both, the optimal
correction to the 62% weightbearing line range was ob-
tained and verified at surgery; however, excessive valgus
positions (weightbearing line, 86%) occurred with full
weightbearing. A revision high tibial osteotomy using a
tibial opening wedge procedure was performed with a
bone graft from the iliac crest 2 months postoperative in
one knee and 6 months postoperative in the other. At

Figure 6. The distribution of the preoperative adduction mo-
ments of the 17 patients tested. The mean adduction mo-
ment for the study group was 35% higher than that for the
control group (P , 0.001).

TABLE 7
Gait Analysis Data: Measured and Predicted Peak Values (Means 6 SD)

Variable Control group
(N 5 28)

Study group

Preoperative
(N 5 17)

Postoperative
(N 5 17)

Percentage
change

Measured momenta

Flexion 2.3 6 0.8 2.2 6 1.7 2.4 6 1.3 19
Extension 2.4 6 0.7 1.5 6 1.4 1.4 6 1.1 27
Adduction 3.1 6 0.7 4.2 6 0.8b 2.6 6 0.6b 238c

Predicted tibiofemoral loadsd

Medial 2.3 6 0.3 2.8 6 0.3b 2.2 6 0.5 221c

Lateral 0.9 6 0.3 1.1 6 0.3 1.0 6 0.4 29
Predicted ligament tensile forced

Lateral 0.5 6 0.2 0.7 6 0.2e 0.3 6 0.2e 257c

a Percentage of body weight times height.
b Significantly different from control subjects (P , 0.01).
c Significantly different between preoperative and postoperative values (P , 0.01).
d Percentage of body weight.
e Significantly different from control subjects (P , 0.001).

TABLE 6
Effect of ACL Graft Type on Resultsa

Variable Allografts Autografts

AP displacement (mm) 4.1 6 5.8 1.4 6 4.4
ACL graft function (no.)

Functional 7 12
Partially functional 6 5
Failed 10 5

Overall rating score 79 6 15 86 6 12
Pain score 4.8 6 1.9 5.5 6 1.3
Patient grade 5.7 6 1.8 5.8 6 1.8

a There were no statistically significant differences between
grafts for any variable.
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follow-up, one knee had maintained the optimal weight-
bearing line position, but the other had resumed a varus
position (40%).

One double-varus knee had a loss of internal fixation of
the osteotomy at the 4th postoperative week that was
corrected. The osteotomy healed without difficulty. Two
patients required resection of a distal fibular painful non-
union osteotomy site 12 and 26 months postoperatively.

In three patients, an early postoperative increase in AP
displacement was noted and treated with a refixation of
the autograft at the tibial site 4 to 6 weeks postopera-
tively. Four other patients required revision of the ACL
reconstructions. One patient had a reinjury 4 years after
the allograft reconstruction and required a bone-patellar
tendon-bone autograft revision. Two patients with allo-
graft reconstructions required repeat bone-patellar ten-
don-bone allograft procedures because of early failure
postoperatively. The fourth patient had good stability re-
stored for 3 years postoperatively but then noted a gradual
increase in instability symptoms. A revision reconstruc-
tion was performed with a quadriceps tendon-bone au-
tograft. Three knees required partial or total resection of
symptomatic meniscus allografts, as previously described.

Complications

There was no evidence of infection, peroneal nerve palsy,
patella infera, or knee motion limitations at follow-up. No
patient required additional treatment intervention for
losses of knee flexion or extension. At the time of writing,
there was no evidence of allograft rejection or disease
transmission.

DISCUSSION

The knees in this study included some of the most difficult
diagnostic and treatment dilemmas that the clinician may
be required to manage. As such, there were inherent prob-
lems that included a nonhomogenous population that had
varying amounts of medial tibiofemoral arthrosis, differ-
ences in the condition of the medial menisci, two types of
ACL grafts used for reconstruction, and differences in the
amount of lateral and posterolateral ligament deficiency
resulting in either nonoperative or operative treatment.
We attempted to sort for these variations to determine
whether differences existed between various subgroups.
The small number of patients in each group precludes
definitive conclusions, and we acknowledge that both
these and additional patients with double- and triple-
varus knees must be observed to determine the long-term
results of our treatment. With these issues in mind, we
believe the treatment protocol in this study improved the
quality of life in the majority of patients. A reduction in
pain was found in 71%, elimination of giving way was
reported in 85%, and resumption of light recreational ac-
tivities (based mostly on our advice) without symptoms
occurred in 66%. Thirty-seven percent of the patients
rated their knees as very good or normal and 34% as good.
All regained normal range of knee motion without addi-
tional treatment intervention.

In 1985, we first reported on the double- and triple-
varus knee syndrome, using these terms to highlight to
the clinician the osseous and ligament abnormalities that
contribute to the symptomatic state (F. R. Noyes et al.,
unpublished data). The varied clinical presentation of the
patients underscores the methodical evaluation required
to diagnose all of the anatomic abnormalities.22,29 The
patellofemoral joint is assessed for alignment, which may
be altered from increased external tibial rotation or symp-
tomatic from articular cartilage damage. There may be
medial tibiofemoral crepitus indicating damage to joint
surfaces24; gait abnormalities of a varus or hyperexten-
sion thrust during stance phase; muscular weakness or
imbalance23; and complications from prior surgery includ-
ing scar formation, skin, neuroma, or hypersensitivity
conditions.

Many of the patients in this study were first seen with
a chronic ACL-deficient knee that had a prior medial
meniscectomy with an underlying physiologic varus align-
ment present in both lower extremities. The patients com-
plained of medial joint pain with sports or daily activities.
In some, an ACL reconstruction had relieved instability
symptoms but not medial joint pain and the varus thrust
continued during gait and sports activities. Some patients
were aware of a gradually increasing varus alignment,
particularly during running, where varus thrust was pro-
nounced. The patients involved in athletics frequently
desired treatment to allow continuation of an active life-
style, which was often unrealistic because of joint arthro-
sis. Other patients were aware of the seriousness of the
knee condition and simply desired a symptom-free state
with daily activities. In some of the triple-varus knees, the
injury to the posterolateral structures may not have ini-

Figure 7. The preoperative and postoperative adduction
moment, medial compartment load, and lateral ligament ten-
sile forces for the 17 patients tested. Postoperatively, the
adduction moment and lateral ligament tensile force de-
creased to significantly lower than control values. The medial
compartment load decreased to values equal to those of
controls. %BW, percent body weight; HT, height.
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tially been complete. However, recurrent giving-way epi-
sodes or a continued varus thrusting gait over time may
have produced tensile overload of the lateral soft tissues
and a complete deficiency of the posterolateral structures.
Fifteen of 41 knees in this series had a prior ACL recon-
struction that had failed; many of these failures were due
to an unrecognized posterolateral ligament injury.

The majority of patients in this series required exten-
sive preoperative rehabilitation to improve the strength
and function of the lower extremity muscles. Knees that
had hyperextension gait abnormalities required gait re-
training.23 Patients were frequently surprised by the
marked improvement in gait and decrease in joint pain
after this program. Without preoperative retraining, pa-
tients would probably resume the hyperextension gait af-
ter surgery, which would place high tensile forces on the
reconstructed ligament structures and risk failure. The
physician-therapist team approach was required to assist
the patients continually through the rather prolonged
physical therapy course.

The preoperative evaluation and establishment of the
treatment plan involved extensive patient education and
counseling on the goals of the recommended surgical pro-
cedures. Often there were unrealistic goals on the outcome
of surgery and the ability of the patient to return to
strenuous athletics. In this study, 73% of knees had total
or near-total meniscectomy, and 63% had marked articu-
lar cartilage damage in the medial compartment. The
symptomatic state with daily activities makes it difficult
to determine with accuracy the ability of the patient to
resume daily activities without symptoms, let alone ath-
letics. Earlier treatment of the instability and varus mal-
alignment and retention of the medial meniscus should
improve the prognosis in these knees.

We previously reported the procedures to follow in ob-
taining hip-knee-ankle standing radiographs and cor-
rectly calculating the angular wedge correction of the tibia
to achieve a valgus overcorrection (weightbearing line of
62%).4 The treatment algorithm in Figure 2 shows the
steps to take in calculating the tibiofemoral varus osseous
alignment with subtraction of that component of varus
alignment due to abnormal lateral joint opening. This
calculation helps prevent a valgus overcorrection postop-
eratively, which occurs when the lateral tibiofemoral com-
partment resumes a closed configuration after the osseous
malalignment is corrected. During the surgical procedure,
an alignment rod is placed from the hip to the ankle to
identify by fluoroscopy the weightbearing line at the tibia
and the angular correction that has been achieved. The
lower limb is positioned at 5° to 10° of flexion, and axial
compression is performed to close both the medial and
lateral tibiofemoral compartments. Appropriate adjust-
ments at the site of high tibial osteotomy can be per-
formed, if necessary, before internal tibial fixation. It is
still not possible to tell with certainty what the final
alignment of the lower limb will be when full weightbear-
ing is resumed. In two knees in this study, a valgus over-
correction occurred when full weightbearing was resumed
postoperatively and there was complete closure of the
lateral tibiofemoral compartment.

In varus aligned knees with normal cartilage in the
medial compartment, the osseous alignment is corrected
to a neutral position without valgus overcorrection
(weightbearing line, 50%). The restoration of normal tib-
iofemoral alignment corrects the varus thrust and allows
for a decrease in the abnormally high lateral ligament
tensile forces. Thus, the lateral compartment does not
open during weightbearing.

There are three reasons why high tibial osteotomy may
not achieve the desired valgus alignment. The first is the
inability to achieve the desired correction of the weight-
bearing line at surgery. This is the only variable truly
under the surgeon’s control, and it should always be de-
termined with an image intensifier on completion of the
procedure. The second possibility for undercorrection is
that certain knees with advanced medial tibiofemoral ar-
throsis may remain in varus alignment because of a tibial
teeter-totter effect (advanced medial tibiofemoral arthro-
sis and obliquity), as the lateral tibiofemoral joint remains
open.11 The third possibility for undercorrection is a grad-
ual collapse of the medial compartment over years in
which the overall alignment drifts back into varus because
of continued medial tibiofemoral arthrosis. Unfortunately,
the latter two possibilities for undercorrection are not
under the surgeon’s control. Short-term symptoms may
decrease, but it is doubtful that long-term benefits of the
high tibial osteotomy will be obtained.

Five knees (12%) in this study had a varus alignment a
mean of 4.5 years postoperatively. These five patients had
an improvement in symptoms and therefore revision os-
teotomies were not performed; however, the ideal valgus
alignment was not achieved. The rates of recurrence of
varus alignment reported by other authors appear to in-
crease with the amount of time from surgery. Dejour et
al.3 reported an 11% undercorrection rate (5 of 44 knees) a
mean of 3.5 years after surgery. Ivarsson et al.9 reported
a 31% undercorrection rate (25 of 81 knees) a mean of 5.7
years after surgery. Hernigou et al.6 observed 76 patients
for a mean of 11.5 years after surgery and reported that
most had changes in alignment over time toward varus; 34
knees (45%) were in varus at the final evaluation.

The osteotomy technique we usually perform is a closing
wedge tibial and fibular osteotomy (proximal fibular
neck).34 We preserve the proximal tibiofibular joint to
maintain normal posterolateral ligament insertion
lengths and to prevent proximal migration of the fibula,
which would produce laxity of posterolateral structures.
We also have clinical experience with opening wedge tibial
osteotomy, for which the primary indications are simulta-
neous medial ligament instability that requires correction
or the need for large angular corrections (greater than 12°)
to prevent excessive tibial shortening or patella alta. Both
the high tibial osteotomy and the medial ligament distal
advancement or reconstruction are performed through the
same incision. We prefer the closing wedge osteotomy,
which avoids the necessity for an iliac crest bone graft,
because osseous union and more rapid rehabilitation with
earlier full weightbearing are possible with the two can-
cellous surfaces compressed and in full contact (Fig. 8).

The preoperative gait analysis showed an abnormally
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high knee adduction load in 10 of the 17 knees (59%). This
was in agreement with our previous study on gait abnor-
malities in varus angulated ACL-deficient knees, in which
20 of 32 knees (63%) had a high knee adduction moment.26

The high knee adduction moment is directly related to
abnormally high medial compartment loads and high lat-
eral ligament tensile forces.26 Postoperatively, the abnor-
mally high knee moments were corrected to normal or
decreased to below-normal values. Other investigators
have also reported significant decreases in the adduction
moment after high tibial osteotomy.32,37

The overall moments and forces on the knee joint are
due not only to limb alignment but also to the patient’s
gait and dynamic forces of muscles and accelerations dur-
ing ambulation. It is important to recognize that the over-
all limb alignment is a strong determinant of the knee
adduction moment, medial tibiofemoral joint loads, and
corresponding lateral ligament tensile loads. Prodromos et
al.32 found no correlation between the mechanical axis of
the knee and the adduction moment either pre- or postop-
eratively. However, Wada et al.36 did find a postoperative
correlation between the peak adduction moment of the
knee and the tibiofemoral angle. Our results agree with
those of Wada et al.; we found an increased correlation
between the peak adduction moment and the mechanical
axis postoperatively. However, the correlation coefficient
was only moderate (r 5 0.52), suggesting a predictive
relationship in only a quarter of the patient population.

The lateral and posterolateral complex procedures used
in the triple-varus knees were effective in restoring func-
tion in all but 1 of the 18 knees. One of the most important
elements of obtaining a successful outcome in these pro-
cedures is an understanding of the indications for various
operative techniques based on the injury and remaining
integrity of the ligament tissues.17–19 There are three
procedures to consider: proximal advancement of the en-
tire posterolateral complex, allograft augmentation of the
lateral collateral ligament and posterolateral complex,
and double graft substitution using autografts for the
lateral collateral ligament (bone-patellar tendon-bone)
and popliteus tendon and ligament structures (semitendi-
nosus-gracilis tendons). We have previously described the
important elements of the clinical examination to detect
varus recurvatum, lateral joint opening, and excessive
external tibial rotation.29 It is important at arthroscopy to
perform the lateral joint opening gap test and measure the
amount of joint opening with a calibrated nerve hook (Fig.
9). In knees that have insufficient posterolateral struc-
tures, 12 mm or more of joint opening will be measured at
the periphery of the lateral tibiofemoral compartment.18

At surgery, one must also carefully inspect the lateral
structures, noting the presence of scar tissue replacement,
attachment site integrity, and width and size of the lateral
and posterolateral structures to determine which proce-
dure is warranted.

In knees with interstitial failure of the posterolateral
tissues due to stretched out but otherwise intact attach-
ment sites (without acute traumatic disruption), the more
simplified proximal advancement may be performed. This
procedure is relatively easy to perform without the added
operative complexity and potential complications that oc-
cur with major graft reconstructive procedures.18 When
there is more extensive damage to the posterolateral
structures, such as after traumatic disruption, a major

Figure 8. Anteroposterior (A) and lateral (B) radiographs
show the postoperative appearance after proximal tibial os-
teotomy, fibular osteotomy, and internal fixation.
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graft reconstruction is required.19 In the most severe cases
of disruption of all the lateral and posterolateral tissues,
in which inadequate collagenous tissues exist, we prefer
an autogenous graft replacement of the lateral collateral
ligament and posterolateral structures.17 If autogenous
grafts are not available, allografts may be used.

It is important to note that only knees with complete

deficiency of the posterolateral complex (triple varus) re-
quired posterolateral ligament reconstruction. This is in
contrast to double-varus knees, which had partial defi-
ciency or increased lateral joint opening without major
increases in external tibial rotation or varus recurvatum.
These knees did not require posterolateral ligament re-
construction after valgus alignment was achieved. The
high tibial osteotomy allowed for a physiologic remodeling
and shortening of these structures.15

The timing of the osteotomy and ACL and posterolateral
ligament reconstructive procedures is shown in Table 8. In
the double-varus knees, the arthroscopic gap test is used
as the determining factor as to whether it is safe to pro-
ceed with ACL reconstruction at the time of the osteot-
omy, or whether the ACL procedure should be staged to
allow adaptive shortening of posterolateral tissues. An
ACL reconstruction should not be done if there is concom-
itant excessive abnormal lateral joint opening, which
would subject the ACL graft to potentially injurious
forces. When a primary ACL reconstruction is performed
with the osteotomy, we now prefer to use a four-bundle
semitendinosus-gracilis graft to avoid using the patellar
tendon and tibial bone adjacent to the osteotomy site. We
believe this lessens the potential for excessive fibrosis and
scar formation about the patellar tendon. In knees under-
going ACL revision reconstruction and high tibial osteot-
omy, we now prefer the quadriceps tendon-bone graft be-
cause prior tibial or femoral tunnels are often enlarged
and a larger graft is required.

In triple-varus knees, we recommend staging the oper-
ative procedures. Performing all three procedures to-
gether results in a long procedure with an increased
chance of postoperative complications, prolonged rehabil-
itation, and knee motion problems. We accomplish the
osteotomy and then, after adequate healing, an arthro-
scopically assisted ACL reconstruction and open postero-
lateral ligament reconstruction are performed. The ACL
and posterolateral ligament reconstruction must be per-
formed together to allow both structures to function to-
gether to resist abnormal lateral joint opening and varus
recurvatum.

We previously reported two prospective studies in which
allografts were used in reconstructions for chronic ACL
deficiency. These studies reported failure rates of 28% in
primary reconstructions (32 of 115 knees)14 and 33% in
revision reconstructions (25 of 75 knees).21 Allografts used
in the initial years in the current investigation had a
failure rate of 43% (10 of 23 knees). Johnson et al.10

reported a high failure rate of 36% (9 of 25 knees) in ACL
allograft revision reconstructions. Because of these find-
ings, we recommended autografts be used as the first graft
choice when available. In the latter part of this study,
bone-patellar tendon-bone autografts were used, which
had a failure rate of 23% (5 of 22 knees). We previously
reported a failure rate with bone-patellar tendon-bone
autografts of 6% (3 of 53 knees) for knees with reconstruc-
tion of chronic ACL ruptures.16 We do not know if the
higher failure rate for autografts in the current study
represents a bias due to the small population or an actual
finding due to the combined ligament instabilities and the

Figure 9. A, the arthroscopic gap test for determining the
amount of lateral joint opening. A calibrated nerve hook is
used to measure the millimeters of joint space. B, in knees
that have insufficient posterolateral structures, 8 mm of lat-
eral joint opening will be measured at the intercondylar notch,
and 12 mm or more will be measured at the periphery of the
lateral tibiofemoral compartment.
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high number of revision cases (7 knees, 32%). Seven of the
10 allografts that failed and 3 of the 5 autografts that
failed represented knees with revision reconstructions.
Certainly these results should not be compared with those
of primary ACL reconstructions where no other ligament
deficiencies or osseous malalignment exist.

We previously reported that not all patients with dou-
ble- and triple-varus knees require or choose ACL recon-
struction.15 Patients who do not undergo ACL reconstruc-
tion are counseled and warned not to return to activities
that could result in giving way. Because the majority of
these knees have preexisting joint arthrosis, we encourage
the patient to return only to light recreational sports as
long as symptoms do not occur.

SUMMARY

The patients in this investigation represented a unique
group of severely affected knees that had chronic ACL
deficiency, varus angulation, loss of the medial meniscus,
and partial to complete posterolateral ligament insuffi-
ciency. These combined abnormalities commonly occur in
younger patients who have undergone multiple operative
procedures and in whom all of the abnormalities are not
diagnosed or corrected. Our goal was to highlight this
group of patients and stress that early correction of the
varus alignment is a requirement in addition to ligament
reconstruction procedures. The staged procedure ap-

proach was effective, especially in the triple-varus knees.
We first corrected the varus alignment and then recon-
structed the ACL and posterolateral ligaments. There
were no infections, knee motion limitations, or other major
complications. We hope that, in the future, with early ACL
reconstruction and preservation or replacement of the me-
dial meniscus and knowledge of the excessive loading con-
ditions that can occur in the varus angulated knee, the
sequelae of these combined injuries can be lessened or
avoided.
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