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Purpose: The purpose of this prospective study was to determine correlation between coronal mechanical alignment measured on preoperative
standing full-length radiographs and navigation during total knee arthroplasty (TKA) in the presence of an associated sagittal deformity
(hyperextension and flexion deformity).
Materials and Methods: Coronal mechanical alignment measured on preoperative, standing, full-length, hip-to-ankle anteroposterior radiographs
was compared with intraoperative measurements recorded with computer navigation in 200 primary navigated TKAs.
Results: The mean difference in mechanical alignment between the two techniques was significantly greater (p=0.001) in patients with an associated
flexion deformity >10° when compared to knees with associated flexion deformity ≤10°; 48% of knees with a flexion deformity >10° had a difference
of ≥3° between the full-length radiograph and navigation alignment measurements. There was a strong correlation between the radiographic and
navigation measurement techniques.
Conclusions: The mean difference in coronal mechanical alignment between the two techniques was significantly higher in patients with an
associated flexion deformity >10°. Hence, surgeons should take caution when relying on preoperative full-length radiographs for determining coronal
mechanical alignment in patients with an associated flexion deformity >10° where using navigation may be more reliable.
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Introduction
Assessing coronal alignment, in order to determine the amount
of knee deformity preoperatively and during surgery, is an im
portant part of total knee arthroplasty (TKA). Preoperatively, the
degree of knee deformity in terms of coronal mechanical align
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ment of the lower limb is determined on standing, full-length,
hip-to-ankle radiographs and is measured as the angle between
the mechanical axis of the femur and the mechanical axis of the
tibia. Intraoperatively, coronal alignment is determined using
either long rods or a cautery wire during conventional TKA or by
navigation during computer-assisted TKA.
Navigation has been reported to accurately measure mechanical
alignment during TKA1-3). Most surgeons who perform navigated
TKA also obtain a preoperative standing, full-length, hip-to-an
kle radiograph in their patients in order to measure the severity
of knee deformity and degree of mechanical malalignment and
plan the surgical procedure preoperatively. However, there may
be a mismatch between the radiographic and navigation mea
surements of mechanical alignment for the same patient during
TKA4). This may be due to the non-weight bearing conditions
during navigation when compared to weight bearing during fulllength radiography and the dynamic nature of knee deformities
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which may change with anaesthesia and muscle relaxation.
An associated sagittal deformity (either flexion or hyperexten
sion) is frequently seen in arthritic knees undergoing TKA5,6).
However, the effect of sagittal knee deformity on coronal me
chanical alignment measurements in patients undergoing TKA
has not been previously studied. Hence the purpose of this study
was to determine correlation between coronal mechanical align
ment measured on preoperative standing full-length radiographs
and navigation during TKA in the presence of an associated
sagittal deformity (hyperextension and flexion deformity). We
hypothesised that an associated sagittal knee deformity may
lead to significant differences between radiographic and naviga
tion measurements of mechanical alignment. To the best of our
knowledge, this is the first study in the literature which has ana
lysed the effect of sagittal knee deformity on coronal mechanical
alignment measurements using preoperative radiographs and
navigation during TKA.

Materials and Methods
A consecutive series of 212 knees which underwent computerassisted, primary TKA by a single surgeon between July 2015
and December 2015 were prospectively enrolled in this study.
The inclusion criterion was all knees which underwent primary,
computer-assisted TKA for tricompartmental knee arthritis.
The exclusion criteria were cases where navigation had to be
abandoned due to loosening of array pins during the course of
surgery, improperly taken preoperative full-length, standing, hipto-ankle radiographs where limbs were in excessive rotation, and
previous hip surgery.
Based on the exclusion criteria, 7 knees were excluded due to
improperly taken radiographs, 4 knees were excluded due to
loosening of array pins intraoperatively and 1 knee was excluded
due to previous hip surgery. After exclusion, data from 200 pri
mary, computer-assisted TKAs, performed in 149 patients (21
males and 128 females) was available for analysis. Of these, 98
patients had unilateral TKAs and 51 patients had bilateral TKAs.
All TKAs were performed by a single surgeon using the imagefree Ci Navigation System (Brainlab AG, Munich, Germany). All
knees were approached using an anterior longitudinal incision
and a medial parapatellar arthrotomy, and a cemented, posterior
cruciate-substituting design (PFC Sigma; DePuy Synthes, War
saw, IN, USA) was used and the patella resurfaced in all patients.
Using two infra-red reflecting arrays fixed to the proximal tibia
and distal femur, registration was performed in the standard
fashion. The mechanical axis of the lower limb was obtained by
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navigation software using the center of the femoral head, the
center of the intercondylar notch, centre of the tibial plateau and
the center of the ankle plafond. After fixation of arrays and reg
istration, intraoperative alignment (in both coronal and sagittal
planes) was recorded by the operating surgeon with leg held in
maximum extension and maximum varus or valgus as per the
type of deformity, patella reduced and foot in neutral rotation.
Intraoperative measurements of coronal and sagittal deformity
was performed by one senior surgeon in all cases. Intraoperative
measurement of coronal and sagittal deformities using navigation
is reported to have high reliability and reproducibility7). Cutting
blocks were navigated into position to perform the appropriate
bone cuts where the tibial and femoral cuts were performed at
90° relative to their mechanical axes in the coronal plane. The
degree of soft tissue release was governed by the amount of soft
tissue tightness assessed using a tensioning device and medial
and lateral gap imbalance as quantified by navigation. Medial
release for varus knees and lateral release for valgus knees were
performed to achieve rectangular balanced gaps and a fully re
stored mechanical axis. The final alignment after cementing was
also recorded by the operating surgeon using a method similar to
the one described above.
All full-length radiographs were screened by one of the authors
for excessive rotation of the limb which made the radiograph
unsuitable for analysis. Excessive rotation of the limb was de
termined on radiographs by the profile of the lesser trochanter
and fibular head and whether the patella was centred or medial/
lateral. Radiographs which showed excessive profile of the lesser
trochanter or fibular head were considered to be in excessive
rotation and excluded. Angles measured on full-length hip-toankle radiographs have been reported to be reliable and repro
ducible8). The degree of preoperative knee deformity or hipknee-ankle (HKA) angle was determined on the standing fulllength radiographs as the angle between the mechanical axis of
the femur (center of the femoral head to the center of the knee)
and the mechanical axis of the tibia (center of the tibial plateau to
the center of the ankle plafond). All digital radiographic images
were analyzed and measured by one orthopaedic surgeon from
the team using ImageJ image processing and analysis software
ver. 1.41 (National Institutes of Health, Bethesda, MD, USA). The
preoperative HKA angle as measured on full-length radiographs
was compared with the initial mechanical coronal alignment as
determined by navigation using the t-test. Knees were further
subdivided into those having flexion deformity ≤10°, flexion
deformity >10° and hyperextension and the coronal mechanical
alignment was compared between the full-length radiograph and
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navigation groups using the t-test. A p-value of <0.05 was taken
to be statistically significant. Pearson correlation coefficient was
calculated to determine correlation between radiographic and
navigation measurements of coronal mechanical alignment.

erate positive correlation in knees with flexion deformity >10°
(r=0.74, p<0.001).

Results

The findings of this study suggest that there was no overall dif
ference in the mean coronal mechanical alignment between the
full-length radiograph and navigation measurements and there
was a strong correlation between the two techniques. However,
the mean difference in mechanical alignment between the two
techniques was significantly greater (p=0.001) in patients with
associated flexion deformity >10° when compared to knees with
associated flexion deformity ≤10°, and 48% of knees with a flex
ion deformity >10° had a difference of ≥3° (ranging from 0.2° to
14.7°) between the full-length radiograph and navigation mea
surements (Fig. 1).
Babazadeh et al.9) in a prospective analysis of 40 knees reported
a strong correlation (r=0.78) between navigation and radio
graphic coronal mechanical alignment measurements which
was similar to the findings from our study. Willcox et al.4) in a
retrospective review of 185 patients reported a mean difference
of –0.4° between preoperative radiographic and pre-implantation
navigation measurements for coronal mechanical alignment with
an intra-class correlation coefficient of 0.90. In contrast, the mean
difference in coronal mechanical alignment between the two
measurement techniques was much higher in the current study
at 2.6°. This could be due to the fact that 44 knees (22%) in the
current study had an associated flexion deformity of >10° and 30
knees (15%) had an associated hyperextension deformity.
There may be disagreement between navigation and radio
graphic mechanical alignment measurements due to their indi
vidual limitations. Computer navigation determines mechanical

The mean difference in coronal mechanical alignment mea
surements between full-length radiographs and navigation was
significantly greater in knees with flexion deformity >10° versus
flexion deformity ≤10° (p=0.001) whereas it was not significant
in knees with hyperextension versus flexion deformity ≤10°
(p=0.13) and in knees with hyperextension versus flexion defor
mity >10° (p=0.28) (Table 1). In knees with flexion deformity
>10°, 48% of knees had a difference of ≥3° with a range from
0.2° to 14.7° between the full-length radiograph and navigation
alignment measurements which was significantly higher (p=0.04)
when compared to 30% in knees with flexion deformity ≤10°.
Overall, there was no significant difference (p=0.47) in the
mean coronal mechanical alignment between the full-length ra
diograph and navigation measurements (Table 1). Similarly, there
was no significant difference in the mean mechanical alignment
between the full-length radiograph and navigation measure
ments in knees with hyperextension (p=0.49), knees with flexion
deformity ≤10° (p=0.45) and in knees with flexion deformity
>10° (p=0.32).
Overall, the mean coronal mechanical alignment measured on
full-length radiographs showed a strong positive correlation with
the navigation measurements (r=0.88, p<0.001). Similarly, mean
mechanical alignment measurements showed a strong positive
correlation in knees with hyperextension (r=0.89, p<0.001) and
knees with flexion deformity ≤10° (r=0.84, p<0.001), and mod

Discussion

Table 1. Comparison of Mechanical Alignment on Full-Length Radiographs vs. Navigation According to the Type of Sagittal Deformity
Parameter
No. of knees
Sagittal deformity (°)
Mechanical alignment on full-length
radiograph (°)

All knees

Hyperextension

Fixed flexion
deformity ≤10°

Fixed flexion
deformity >10°

200

30

126

44

5.6±4.2 (–14 to 27)

10.2±6.9 (–25.2 to 27.6) 11.5±8.9 (–10.3 to 27.6)

Mechanical alignment on navigation (°)

10.7±7 (–30.5 to 28)

Difference in mechanical alignment (°)

2.6±2.1 (0 to 14.7)

Limbs with mechanical alignment
difference of ≥3° (%)

3.9±0.5 (0.5 to 14)

35.5 (71/200)

10.1±8.2 (–11.5 to 22)
2.7±1.8 (0.5 to 7.8)
40 (12/30)

5.4±2.7 (0 to 10)
10.5±5.4 (–12.8 to 26.2)
11±5.1 (–10 to 26)
2.2±1.6 (0 to 7.2)
30 (38/126)

14.2±4.3 (10.5 to 27)
13±8.4 (–25.2 to 27)
14.8±8.7 (–30.5 to 28)
3.4±3.2 (0.2 to 14.7)
48 (21/44)

Values are presented as mean±standard deviation (range or number). Negative values for sagittal deformity denote hyperextension and positive values
denote flexion. Negative values for limb mechanical alignment denote valgus and positive values denote varus.
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Fig. 1. Distribution of knees according to the difference in coronal me
chanical alignment between the radiographic and navigation measure
ments in different types of sagittal deformity.

alignment based on anatomical landmarks registered during
surgery, and improper registration may lead to an error in calcu
lating the mechanical alignment by the navigation software. Ad
ditionally, measurements taken during navigation are made un
der non-weight bearing conditions (albeit with maximum force
applied by the surgeon in the direction of the deformity to mimic
weight bearing) after arthrotomy and preliminary exposure of the
knee joint has been performed. Furthermore, variations in how
the limb is held (excessive rotation) while measuring mechanical
alignment with navigation may also add to measurement errors.
Mechanical coronal alignment measurements on preopera
tive full-length radiographs may be affected by malposition of
the lower limbs during radiography. Although previous studies
have reported correlation between radiographic and naviga
tion measurements of coronal mechanical alignment in patients
undergoing TKA4,9), the factors which may cause differences in
these two measurement techniques are still unclear. Dexel et al.10)
in a retrospective analysis of 135 patients reported that although
the severity of knee deformity in the coronal plane may not lead
to large differences, preoperative radiographs taken with limbs
in excessive malrotation can cause large differences in coronal
mechanical alignment measurements when the two techniques
were compared. The findings of the current study suggest that
an associated flexion deformity >10° may lead to significant dis
crepancy between radiographic and navigation measurements
of mechanical alignment. However, this discrepancy was not sig
nificant when the knee had an associated hyperextension or flex
ion deformity ≤10°. Hence, computer navigation may be more
reliable than full-length radiographs for determining coronal
mechanical alignment in knees with significant flexion deformity
during TKA.
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In the authors’ opinion, varus arthritic knees undergoing TKA
with an associated flexion deformity >10° have significant con
tracture of the posteromedial soft-tissue structures whereas in
knees with flexion deformity ≤10° this contracture is not severe
and in knees with hyperextension the posterior soft-tissues are
lax11). It is our conjecture that this asymmetric soft-tissue contrac
ture in arthritic knees with severe flexion deformity is probably
the reason for significant discrepancy between radiographic and
navigation measurements of coronal mechanical alignment in
knees with flexion deformity >10° when compared to knees with
hyperextension or flexion deformity ≤10°. However, we had only
one knee with an associated hyperextension deformity of >10°
and the effect of significant hyperextension on radiographic mea
surements is unclear.
The current study had some limitations. Both preoperative
radiographic and navigation measurements were performed by
single (different) individuals, which has the risk of measurement
errors. However, both these techniques have been reported to
be reliable and reproducible with good intra- and inter-observer
correlation7,8). The current study used a single infrared-based im
ageless navigation system to measure coronal mechanical align
ment. Although reliable and reproducible, alignment measure
ments can vary between imageless and computed tomographybased navigation systems12) and hence the findings of the current
study need to be validated using different navigation systems.
To the best of our knowledge, this is the first study in the litera
ture which has analysed the effect of sagittal knee deformity on
coronal mechanical alignment measurements using preoperative
radiographs and navigation during TKA.

Conclusions
Despite the strong correlation between the full-length radio
graph and navigation techniques for mean coronal mechanical
alignment, the mean difference in mechanical alignment between
the two techniques was significantly higher when the patient had
an associated flexion deformity >10°. Hence, surgeons should
take caution when relying on preoperative full-length radio
graphs for determining coronal mechanical alignment in patients
with an associated flexion deformity >10° where using navigation
may be more reliable.
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