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Accuracy assessment of measuring
component position after total ankle
arthroplasty using a conventional method
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Abstract

Background: This study was to assess the accuracy of measuring the tibial and talar components position and to
investigate the outlier rate of each component and predisposing factors related to component malalignment after
total ankle arthroplasty (TAA) using a conventional method.

Methods: One hundred fifty consecutive primary total ankle arthroplasty were performed using the three-component
HINTEGRA prosthesis for ankle end-stage osteoarthritis. Radiographic analysis for the accuracy of component position
in coronal and sagittal plane was conducted at postoperative 6 months. Additionally, the accuracy of component
position was evaluated according to presence of preoperative deformity or joint incongruency.

Results: The mean postoperative coronal angles of the tibial and talar components (α and γ) were 91.9° and
91.3°. The mean postoperative sagittal angles of the tibial and talar components (β and δ angle) were 84.6°
and 91.7°. In the coronal plane, 16 (10.7%) tibial components and 15 (10.0%) talar components showed outliers greater
than 5°. In sagittal plane, 15 (10.0%) tibial components and 29 (19.3%) talar components showed outliers greater
than 5°. There was no meaningful increase of the outlier rate regarding presence of preoperative deformity or
joint incongruency.

Conclusions: In conventional method of TAA, the outlier rate of the tibial and talar components was about 10 to
20%, especially, the outlier rate of talar component in sagittal plane was up to 20%. Therefore, careful attention
should be paid to implant the talar component in conventional TAA.
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Background
Total ankle arthroplasty (TAA) has been widely used for
the treatment of end-stage ankle arthritis in recent years
and satisfactory results have been reported [1–6]. How-
ever, high complication and reoperation rates after TAA
have also been reported and still remain unsolved [7–10].
The success of joint arthroplasty depends on many

factors, including patient selection, prosthetic design,
soft tissue balancing, severity of joint deformity, and
component position [11–17]. Among these factors,
proper component position is one of the most important
factors, which influences the longevity of the implant

and prevents complications. Survivorship was also typic-
ally diminished when optimal alignment is not achieved
[18–23]. Therefore, ankle prostheses should be aligned
in such a way to assure even distribution of forces on
the polyethylene liner [24].
Previous studies have reported radiographic outcomes

and predisposing factors that increase the risk of postop-
erative malalignment after hip or knee joint arthroplasty.
The malalignment of component has been reported
ranges from 4 to 23% after primary total hip arthro-
plasty. Severe varus deformity and retroversion of the
femur can cause incorrect insertion of the stem [25, 26].
In total knee arthroplasty, severe preoperative varus or
valgus deformity and femoral bowing are associated with
increased risk of alignment problem. Then, the
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prevalence of malalignment in total knee arthroplasty
has been reported range from 5 to 21% [27–29].
There are several studies about the accuracy assessment

of component position following TAA. The rate of mala-
lignment was varied from 0 to 35% after TAA. However,
in these studies, the criteria for acceptable alignment of
component was not standardized, and there are no com-
prehensive studies conducted regarding the outlier rates
of the tibial and talar components or predisposing factors
of incorrect component position following TAA. There-
fore, the purpose of the present study was to evaluate the
accuracy of component position after conventional TAA
and to analyze the predisposing factors that affect outliers
by using radiographic analysis.

Methods
Patient
This study was approved by our institutional review board,
and informed consent was obtained from all patients.
Between January 2005 and December 2011, 153 consecu-
tive TAAs were performed by a single surgeon in 146
patients (153 ankles) with symptomatic end-stage ankle
osteoarthritis using cementless mobile-bearing HINTE-
GRA prosthesis (Newdeal, SA, Lyon, France). Three pa-
tients (3 ankles) were excluded because plain radiographs
were not available to measure radiographic parameter. The
study cohort consisted of 150 ankles (93 men, 57 women)
with a mean age of 61.6 years (42 to 82). Ninety (60%)
ankles were diagnosed with posttraumatic ankle arthritis,
and 60 (40%) ankles were diagnosed with primary ankle
osteoarthritis.

Operative technique and postoperative rehabilitation
All patients received total ankle arthroplasty by a single
surgeon using a longitudinal anterior approach between
the anterior tibial tendon and the extensor hallucis
longus with the patient in the supine position. After
removal of anterior capsular synovial tissue and osteo-
phytes, the tibial cut was made perpendicular to the
mechanical axis of tibia in coronal plane and had a pos-
terior slope of 6° in sagittal plane while sparing as much
subchondral bone as possible. The talar cut was made
parallel to the tibial cut in coronal plane and parallel to
the sole, then the medial, lateral, and finally posterior
talar cuts were made. After the selected implants were
inserted, the alignment, stability, and joint motion were
checked clinically, while component position was checked
by image intensification. The wound was closed in a
standard fashion and a closed suction drain was inserted.
All patients followed the same postoperative protocol.

In order to keep the foot in a neural position, a short leg
splint and non-weight bearing were necessary for the
first 2 weeks after surgery. For the next 4 weeks, patient
was instructed to start gentle range of motion (ROM)

exercise. Progressive weight-bearing ambulation was ini-
tiated with ankle-foot orthosis at 6 weeks after surgery.
The full weight-bearing ambulation and rehabilitation
program, which included stretching of the triceps surae,
calf strengthening, and proprioceptive exercise were
allowed to start at 8 to 10 weeks after the surgery. The
period of immobilization may differ a little whether
additional procedures were performed or not.

Radiographic evaluations
Radiographic examinations including anteroposterior
and lateral radiographs of the ankle taken preoperatively,
immediate postoperatively, at 3 and 6 months postopera-
tively, and annually thereafter. With preoperative radio-
graphic analysis, we conducted radiographic analysis
after 6 months of operation when the patients were able
to perform weight-bearing exercises. For the radio-
graphic analysis, we measured the following by using
PACS (Picture Archiving and Communication Systems:
Marotech 5.4).
We evaluated the accuracy of component position

depending on the type of preoperative coronal deform-
ity: varus, neutral, or valgus. Neutral position in coronal
plane was defined as within 5° of varus or valgus on
anteroposterior radiograph. On preoperative radiograph,
80 (53.3%) ankles showed coronal varus tilting above 5°,
28 (18.7%) ankles showed valgus tilting above 5°, and 42
(28%) ankles showed coronal tilting below 5° of varus or
valgus. Coronal positions of the tibial and talar compo-
nents were assessed using α and γ angles (Fig. 1a).
As done with coronal plane analysis, we evaluated the

accuracy of component position depending on preopera-
tive sagittal deformity: extension, neutral, and plantar
flexion. The aimed value of the anterior distal tibial
angle was 84°. Therefore, we defined, a neutral position
in sagittal plane as being in the rage of 79° to 89° of the
anterior distal tibial angle. On the sagittal plane, 85
(56.7%) ankles showed extension of the distal tibial slope
(anterior distal tibial angle <79°) above 5°, 7 (4.7%) ankles
showed plantar flexion of the distal tibial slope (anterior
distal tibial angle >84°) above 5°, and 58 (38.7%) ankles
showed sagittal tilting below 5°. Sagittal angular positions
of the tibial and talar components were assessed using β
and δ angles on postoperative radiographs (Fig. 1b).
In addition, we evaluated the congruency of the

ankle joint. An ankle was defined as congruent when
the difference between the tibial and talar articular
surface was less than 5°. Accordingly, four categories
of deformity were defined: varus-congruent, varus-
incongruent, valgus-congruent, and valgus-incongruent.
Outcomes were defined as “excellent” when the differ-

ence between the postoperative alignment and aimed
value was within less than 3°, “acceptable” when more
than 3° and less than 5°, and “outlier” when more than
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5° from aimed value in the coronal-tibial(α), coronal-
talar(γ), sagittal-tibia(β), and sagittal-talar(δ) angle.
To avoid potential bias, plain radiographs were evalu-

ated by two independent observers who were not involved
in the surgical treatment of the patients and who were
blinded to the intention of this study.

Statistical analysis
Descriptive statistics (arithmetic means, standard devia-
tions, and ranges) were calculated with use of standard
formulas. The one-way analysis of variance (ANOVA) test
was used to analyze differences in continuous variables
such as α, β, γ, and δ angles among three groups. Tukey’s
honestly significant differences (HSD) was performed was
used for post-hoc comparisons. The Fisher’s exact test was
used to analyze differences in outcomes such as “excel-
lent”, “acceptable,” and “outlier”. A p value of <0.05 was
considered significant, and all aspects of the statistical
analysis were reviewed by a statistician.

Results
Accuracy assessment of component position
The mean coronal angle of the tibial and talar com-
ponents (α, γ angle) were 91.9° and 91.3° at 6 months
postoperatively (Table 1). In terms of accuracy of
component position, 86 (57.3%) and 90 (60.0%) of the
tibial and talar components were excellent, and 48

(32.0%) and 45 (30.0%) were acceptable. There were
16 (10.7%) and 15 (10.0%) coronal outliers for the tibial
and talar components.
The mean sagittal angle of the tibial and talar compo-

nents (β and δ angle) were 84.6° and 91.7° at 6 months
postoperatively (Table 1). Fifteen (10.0%) and 29 (19.3%)
outliers for sagittal angle of the tibial and talar compo-
nents were occurred. Ninety-eight (65.3%) and 76 (50.7%)

Table 1 Accuracy of implant position after total ankle arthroplasty

Coronal alignment Sagittal alignment

α angle γ angle β angle δ angle

Anglea 91.9 ± 2.7 91.3 ± 3.1 84.6 ± 3.0 91.7 ± 4.1

Outcomesb

Excellent 86 (57.3%) 90 (60.0%) 98 (65.3%) 76 (50.7%)

Acceptable 48 (32.0%) 45 (30.0%) 37 (24.7%) 45 (30.0%)

Outlier 16 (10.7%) 15 (10.0%) 15 (10.0%) 29 (19.3%)
aThe values are given as the mean and the standard deviation
bThe values are given as the number of ankles with the percentage
in parentheses
α and γ angles are measured on anteroposterior radiographs between the
longitudinal axis of the tibia and the articulating surface of the tibial
component or talar component
β and δ angles are measured on lateral radiographs between the longitudinal
axis of the tibia and the articulating surface of the tibial component or
talar component
The ideal values of α, γ, and δ angles are 90°, the ideal value of β angle is 84°.
Outcomes were defined as “excellent” when values were within 3°,
“acceptable” when within 5°, and as “outlier” when more than 5° from
optimum values

Fig. 1 The measurement of the angular position of the component. a α and γ are the angles on the anteroposterior view between the longitudinal axis
of the tibia and the articulating surface of the tibial and talar components. b β and δ are the angles on the lateral view between the longitudinal axis
of the tibia and the articulating surface of the tibial and talar components
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of the tibial and talar components were excellent, and 37
(24.7%) and 45 (45.0%) were acceptable.

Predisposing factors for outlier of component position
We evaluated the accuracy of implant position depend-
ing on preoperative coronal deformity: varus, neutral,
and valgus (Table 2). In coronal plane, outliers of the tib-
ial and talar components occurred in 11 (13.8%) ankles
of each component in the varus deformity group, 3
(7.1%) of each component in the neutral group, and 2
(7.1%) and 1 (3.6%) in the valgus deformity group.

As done with coronal plane analysis, we evaluated the
accuracy of implant position depending on preoperative
sagittal deformity: extension, neutral, and flexion. In
sagittal plane, outliers of the tibial and talar components
occurred in 10 (11.8%) and 15 (17.7%) ankles in the
extension group, 5 (8.6%) and 11 (19.0%) in the neutral
group, and 0 (0.0%) and 3 (42.8%) in the flexion group,
respectively. However, there were no meaningful differ-
ences between the 3 groups in the accuracy of compo-
nent position according to preoperative deformity in
coronal and sagittal plane.

Table 2 Accuracy of implant position after total ankle arthroplasty according to preoperative deformity

Preoperative coronal alignmenta Preoperative sagittal alignmentb

Varus
(n = 80)

Neutral
(n = 42)

Valgus
(n = 28)

p value Extension
(n = 85)

Neutral
(n = 58)

Flexion
(n = 7)

p value

α anglea 92.4 ± 2.7 91.6 ± 2.4 90.7 ± 2.8 0.061 β anglea 84.5 ± 3.8 84.6 ± 2.8 83.8 ± 1.3 0.808

Outcomesb Outcomesb

Excellent 41 (51.2%) 30 (71.5%) 15 (53.6%) 0.244 Excellent 52 (61.2%) 41 (70.7%) 5 (71.4%) 0.769

Acceptable 28 (35.0%) 9 (21.4%) 11 (39.3%) Acceptable 23 (27.0%) 12 (20.7%) 2 (28.6%)

Outlier 11 (13.8%) 3 (7.1%) 2 (7.1%) Outlier 10 (11.8%) 5 (8.6%) –

γ anglea 91.9 ± 3.3 91.2 ± 2.9 90.2 ± 2.6 0.286 δ anglea 91.4 ± 3.9 91.3 ± 4.2 90.4 ± 6.0 0.225

Outcomesb Outcomesb

Excellent 43 (53.8%) 29 (69.1%) 18 (64.3%) 0.385 Excellent 45 (52.9%) 29 (50.0%) 2 (28.6%) 0.584

Acceptable 26 (32.4%) 10 (23.8%) 9 (32.1%) Acceptable 25 (29.4%) 18 (31.0%) 2 (28.6%)

Outlier 11 (13.8%) 3 (7.1%) 1 (3.6%) Outlier 15 (17.7%) 11 (19.0%) 3 (42.8%)
aValues are given as the mean and the standard deviation
bValues are given as the number of ankles with the percentage in parentheses
Neutral is within 5° of tibiotalar angle on anteroposterior radiograph. Varus and valgus ankles are defined as those greater than 5° from optimal values
Neutral is within 5° of extension and flexion on lateral radiograph. Extension and flexion ankles are defined as those greater than 5° from optimal values
The ideal value of α, γ, and δ angle is 90°, that of β angle is 84°. Outcome was defined as “excellent” when values were within 3°, “acceptable” when within 5°,
and as “outlier” when more than 5° from optimum value. Outcome values are shown as percentage with the number of ankles in parentheses

Table 3 Accuracy of implant position after total ankle arthroplasty according to preoperative ankle congruency

Varus (n = 80) Valgus (n = 28)

Congruent (n = 46) Incongruent (n = 34) p value Congruent (n = 18) Incongruent (n = 10) p value

α anglea 92.2 ± 3.0 92.8 ± 2.3 0.327 90.7 ± 2.9 90.8 ± 2.8 0.915

Outcomesb

Excellent 23 (50.0%) 18 (52.9%) 0.906 10 (55.6%) 5 (50.0%) 0.999

Acceptable 16 (34.8%) 12 (35.3%) 7 (38.9%) 4 (40.0%)

Outlier 7 (15.2%) 4 (11.8%) 1 (5.5%) 1 (10.0%)

γ anglea 91.7 ± 3.5 92.1 ± 3.0 0.540 90.7 ± 2.5 89.2 ± 2.5 0.156

Outcomesb

Excellent 26 (56.5%) 17 (50.0%) 0.278 11 (61.1%) 7 (70.0%) 0.379

Acceptable 12 (26.1%) 14 (41.2%) 7 (38.9%) 2 (20.0%)

Outlier 8 (17.4%) 3 (8.8%) – 1 (10.0%)
aValues are given as the mean and the standard deviation
bValue are given as the number of ankles with the percentage parentheses
α and γ angles are measured on anteroposterior radiographs between the longitudinal axis of the tibia and the articulating surface of the tibial component or
talar component
β and δ angles are measured on lateral radiographs between the longitudinal axis of the tibia and the articulating surface of the tibial component or
talar component
The ideal values of α, γ and δ angles are 90°, that of β angle is 84°. Outcomes were defined as “excellent” when values were within 3°, “acceptable” when within
5°, and as “outlier” when more than 5° from optimum values
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In addition, presence of joint incongruency did not
increase the outlier rate (Table 3).

Discussion
The most important finding of the present study is that
the outlier rate of component was higher than we ex-
pected, and the outlier rate of each component in coronal
plane is about 10%, but the talar component position in
sagittal plane showed the outlier rate up to 20%. Our
results highlight a common problem in TAA, which is the
lack of repeatability in implantation position, particularly
the talar component. Malalignment of component follow-
ing TAA has been reported in about 0 to 35% of patients,
even though components were thought to be appropri-
ately placed at the time of the operation [12, 30]. There
are several reports concerning the current radiographic
outcomes of TAA [5, 6, 24, 31–34]. Mann et al. [24] ana-
lyzed the outcomes of TAA in 84 ankles. The average
overall alignment of the tibial component was 3.0° of
varus. Fifty seven (78%) ankles had varus tilt averaging
4.6°, and 10 (14%) ankles had valgus tilt of the talar com-
ponent averaging 2.8°. Nine (10.7%) outliers occurred in
which the tibial component was placed in more than 10°
of extension and exceeded 5° of varus. However, Rippstein
et al. [6] reported relatively good outcomes after TAA in
240 Mobility ankles. Ninety-three percent of components
were correctly centered in the coronal plane, and 97.4%
were correctly centered in the sagittal plane. The tibial
components were placed on average 2.1 ± 2.9° (−5.5° to
10.2°) in the coronal plane. The mean posterior slope was
6.0 ± 3.8° (−5.8° to 17.1°).
However, there was no comprehensive study concern-

ing the outlier rate of each component or predisposing
factors by assessing the accuracy of component after
TAA. The present study indicate that outliers rate of the
tibial, talar component in coronal plane, and tibial com-
ponent in sagittal plane showed only about 10.7, 10, and
10%, of cases, but outliers rate of the talar component in
sagittal plane occurred in 19.3%. This result suggests
that the talar component position intraoperatively is
much more difficult than the tibial component position.
There are several factors which can affect alignment of

the talar component. Firstly, in operative techniques, the
component position in the sagittal plane is a very sub-
jective approach and it concerns different types of ankle
prosthesis. In this study, distal tibia cutting block was
used as a guide for resection of talar dome. So, the talar
component position was affected by distal tibial cutting
plane. Such problems may be solved by applying separ-
ate talar cutting block without considering the tibia in
the process, but this is not easy intraoperatively because
there is no distinct landmark and anatomy of talus varies
much individually. In addition, stabilizing the foot dur-
ing talar cutting can only be done manually. Therefore,

the talar component position tends to vary and easy to
be influenced depending upon foot position, particularly
in sagittal alignment. Barg and Lundberg et al. [34, 35]
also reported that correct position of the talar compo-
nent is one of the most technically demanding steps in
TAA, which is complicated by changes in the original
center of rotation of the tibiotalar joint caused by de-
generation and concomitant valgus or varus hindfoot
deformities. As a result, sagittal malalignment of the talar
component is a common complication of TAA. Novel
techniques such as computer-assisted surgery or patient-
specific instrumentation could be useful solutions to limit
component malalignment.
Based on our results concerning component position

according to the preoperative coronal deformity, varus
ankles showed a lower rate of excellent outcomes and a
higher rate of outlier than neutral or valgus ankles. Pre-
vious studies have reported that for varus ankles with
ligament imbalance and asymmetric joint loading. Wood
and Haskel [5, 36] reported that the failure of TAA in
cases of varus deformity was the result of edge loading
on the implant caused by ligament instability and
remaining ankle malalignment after the operation.
Trincat et al. [37] reported that six (29%) ankles
underwent revision surgery to correct residual varus
malalignment of the hindfoot. Among them, three
failures occurred in incongruent ankles (two varus,
one valgus) in which the initial procedure did not
provide optimal correction of talar tilt. As the degrees
of deformity increase, it is difficult to achieve neutral
alignment and easy to remain postoperative malalignment.
To achieve neutrally aligned ankle after TAA, it is essen-
tial to correct ligament imbalance or hindfoot deformity
through additional procedures in index surgery. There-
fore, precise check of ligament balancing and proper
additional procedures are needed, in order to reduce post-
operative malalignment.
Our study has some limitations. First, the sample size

in neutral and valgus group was relatively small. This
may limit our ability to assess outcomes and may evalu-
ate risk factors. Second, we retrospectively reviewed
preoperative radiographs, and thus, radiographs were
not precisely controlled. It is possible that slight variability
of ankle position and rotation influenced assessments the
alignment of implant. Finally, this study did not evaluate
functional outcomes, which may have been influenced by
the component position. Therefore, further studies involv-
ing these functional outcomes are required.

Conclusions
In present study, the outlier rate of components was high
as 10 to 20%, especially, the talar component position in
sagittal plane showed the outlier rate up to 20% and wider
variation. However, presence of preoperative deformity or
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joint incongruency did not increase the outlier rate of
component. Therefore, careful attention should be paid
when implanting the talar component in sagittal plane
and other reliable instrumentation system is necessary to
improve the accuracy of component.

Abbreviation
TAA: Total ankle arthroplasty
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