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Fig. 3 Time-lapse observations a
of the fluorescence of
osteoblasts cultured on CpTi
and AhTi plates and analysis of
nodule formation. a Serial low-
magnification images of a CpTi
plate and an AhTi plate obtained
by confocal fluorescence
microscopy. Scale bar 500 pm,
b Changes in total fluorescent
area on CpTi and AhTi plates.
Images were obtained by time-
lapse observations of the same
sample (n = 3). ¢ Changes in
nodule numbers counted in low-
magnification images.
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Osteoblasts grown on AhTi plates expressed red
fluorescence in a larger area throughout the observation
period compared with those grown on CpTi plates

To visualize the time course and spatial distribution of
osteoblast proliferation and differentiation on the bioma-
terials used in this culture system, serial images of the same
sample sets were obtained over 4 weeks (Fig. 3a). As
shown in Fig. 3b, the fluorescent area began to increase on
culture day 16 on both materials. The fluorescent area on
day 16 was three times larger on AhTi plates
(1.65 x 10° & 3.87 x 10* pixels) than on CpTi plates
(4.39 x 10* &+ 4.45 x 10* pixels), and this difference
continued throughout the observation period. However, the
average daily increase in the total fluorescent area between
days 16 and 24 was 5.70 x 10* pixels/day for CpTi plates
and 5.68 x 10* pixels/day for AhTi plates, which did not
differ between materials.

Multifocal nodule formation was observed on AhTi
plates

The nodule numbers counted as fluorescent spots in low-
magnification images are shown in Fig. 3c, and the average
sizes of these nodules are shown in Fig. 3d. On day 16, the
nodule number was three times higher in the AhTi plates
(66.7 £ 9.45) than in the CpTi plates (17 + 6.93)
(p < 0.05). By contrast, the average nodule size was
1.5 times larger in the AhTi plates (110 4 1.21) than in the
CpTi plates (73.3 £ 061) (p < 0.05). To gain an overview
of nodule development, the distribution of the sizes and
numbers of nodules in a sample is shown in Fig. 3e. There
were more small nodules in the AhTi plate throughout the
observation period (Table 1). These results indicate that
AhTi plates accelerated the onset of differentiation, but
once the process had started the progression was less
affected by the treatment.
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Fig. 4 Evaluation of proliferation and differentiation of osteoblasts
cultured on CpTi and AhTi plates using conventional methods.
a SEM images of osteoblasts cultured on a CpTi or AhTi plate on day
2. White arrowheads indicate the cell body. b The results of XTT
assay on culture days 2, 7, and 16 show greater proliferation of cells

SEM observations, XTT assay, and RT-PCR showed
increased proliferation and differentiation of osteoblasts
on AhTi plates

SEM observations, XTT assays, and RT-PCR analysis
were performed to relate the results obtained by
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grown on AhTi plates compared with those grown on CpTi plates on
day 2 (p < 0.05). ¢ Real-time RT-PCR analysis of Collal, Alp, and
Ocn expression. Data are presented as mean £ SD (n = 4),
*p < 0.05. Fold changes are adjusted relative to GAPDH expression

fluorescence observations to known indicators of osteoblast
proliferation and differentiation. SEM observations on
culture day 2 showed favorable attachment of osteoblasts
to both materials (Fig. 4a). The morphology of the osteo-
blasts differed between materials: osteoblasts were large
and flat on CpTi plates but small and rounded on AhTi
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Table 1 Numbers of nodules smaller than 10? pixels

Day Day Day Day Day Day Day

4 8 12 16 20 24 28
CpTi O 0 1 7 23 49 72
AhTi 0O 0 5 37 43 54 75

plates. These differences in shape reflect differences in the
surface characteristics of the materials. The results of the
XTT analysis of cell number are shown in Fig. 4b. On day
2, the mean absorbance was 60 % higher for AhTi plates
(0.201 + 0.0352/cm?) than for CpTi plates (0.121 +
0.0393/cm2) (p < 0.05). However, no significant difference
was observed on days 7 day 16, indicating that AhTi
treatment promoted cell adhesion and proliferation, which
were related to the accelerated onset of fluorescence
expression on AhTi plates.

Osteoblast-specific gene expression levels were deter-
mined using RT-PCR on days 2, 7, 14, and 16 (Fig. 4c¢).
Alp expression increased throughout the observation period
for cells grown on both materials. The cells on AhTi plates
had a non-significantly higher Alp expression level on day
7 (p = 0.06), day 14 (p = 0.06), and day 16 (p = 0.06)
than cells grown on CpTi plates. Ocn expression increased
on day 14 for both materials. These results are compatible
with the finding that the fluorescence expression driven by
the Collal 2.3-kb promoter started increasing around day
16. Although the expression levels were low, significantly
higher Ocn expression levels were observed on AhTi plates
on day 2 (p < 0.05) and day 7 (p < 0.05) compared with
those observed on CpTi plates. Collal expression for both
materials increased throughout the observation period, but
its expression did not differ significantly between CpTi and
AhTi plates (day 2, p = 0.51; day 7, p = 0.62; day 14,
p = 0.27; day 16, p = 0.79).

Bone formation around the materials was visualized
and quantified in the in vivo system

Next, to assess the application of this system for in vivo
evaluation of materials, we quantified the newly formed
bone around the intramedullary materials in the fluores-
cence images. The gross appearance of the operative pro-
cedure and an X-ray image of the implanted wire are
shown in Fig. 5a, b. Twenty-eight days after implantation,
the wires were removed and fluorescence images were
obtained (Fig. 5c). The fluorescent area was five times
larger for the AhTi wires than the CpTi wires (Fig. 5d).
Newly formed bone was also quantified using the affinity
indexes obtained from histological sections stained with
Van Gieson’s picrofuchsin (Fig. 5e). The affinity index
was 60 % higher for AhTi wires (46.1 £ 22.9 %) than

CpTi wires (27.9 =+ 33.5 %). These results are compatible
with the fluorescence observations (Fig. 5f).

Discussion

Several noninvasive bioimaging techniques for visualizing
osteoblast differentiation have been reported. Iris et al. [13]
reported a bioluminescence imaging method for visualizing
differentiation of bone marrow-derived mesenchymal stem
cells to osteoblasts in transgenic mice harboring the firefly
luciferase gene under the control of the human osteocalcin
promoter (hOC). They also reported the time course of the
expression of luciferase during in vivo skeletal develop-
ment and bone repair. Expression of the h/OC promoter is
restricted to fully differentiated osteoblasts. However, in
the field of material evaluation, a broader range of differ-
entiation stages is preferable for imaging, and biolumi-
nescence imaging is inadequate for obtaining high-
resolution images. Kuhn et al. [5] reported a fluorescence
imaging system for observing osteoblasts from transgenic
mice harboring the GFP transgene under the control of the
2.3-kb fragment of the Collal promoter cultured on car-
bonated hydroxyapatite-coated disks. In this study, we used
mRFP1 instead of GFP because of its greater tissue pene-
tration and spectral separation from autofluorescence and
other fluorescent proteins [14], which enabled us to per-
form additional in vivo evaluation of the materials free of
background fluorescence. mRFP1 is a true monomeric
variant of the red fluorescent protein DsRed isolated from
Discosoma sp. In contrast to DsRed, which is known to
affect embryonic stem cell development due to its obligate
tetramerization [15], the safety of mRFP1 has been well
established. Transgenic mice with a ubiquitously high
expression of mRFP1 have been reported to show no dif-
ference from their non-transgenic littermates in embryonic
development, adult organ maturation [16], and neural and
muscular functions [17]. The irradiation damage caused by
a laser to induce fluorescence may be of concern. However,
scanning electron microscopic observation of cochleas
stained with fluorescent dyes after laser irradiation using
confocal laser microscopy showed no cellular or ultra-
structural damage at a normal laser intensity [18]. There-
fore, fluorescence imaging using mRFP1 may be a suitable
method for the noninvasive imaging of living cells.
Another report involved imaging of alkaline phosphatase
activity using a fluorinated ALP substrate detected with '°F
magnetic resonance spectroscopic imaging after hydrolysis
[19]. Although this method is a useful noninvasive method
of visualizing osteoblasts, it requires special reagents and
analytical equipment.

Formation of a calcified extracellular matrix is an
obvious indicator of osteoblast maturation. Quantification
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Fig. 5 In vivo evaluation of
CpTi and AhTi wires. a A
sample wire was placed in the
right femur of the mouse, the
ends of the wire were bent, and
the skin was sutured over them.
b X-ray image of an implanted
wire. ¢ Fluorescence images of
extracted wires were obtained
28 days after implantation.
Zoomed images of white boxed
areas of CpTi and AhTi plates
are shown on the right of each
image. d Newly formed bone c
around the wires was detected
as red spots and the areas were
measured (n = 4). AhTi wires
showed significantly larger
fluorescent areas compared with
CpTi wires (p < 0.05). e Cross-
sectional slices of CpTi and
AhTi wires implanted for

28 days in mouse femurs.
Zoomed images of yellow boxed
areas are shown on the right.
Bone tissue stained red with
Van Gieson’s picrofuchsin is
observed on the surface of the
ATi wire but not on the CpTi
wire. f Affinity indexes of CpTi
and AhTi wires (n = 4). The
affinity index was significantly
higher in the AhTi wires than in
the CpTi wires (p < 0.05). Data
are presented as mean £ SD

(n =4), *p < 0.05

of calcified nodules is often used to evaluate the in vitro
bone-bonding ability of biomaterials [20]. Several tech-
niques for detecting nodules or mineral deposition on
opaque materials have been reported. They include his-
tological methods (von Kossa or Alizarin Red S stain-
ing), fluorescence labeling (tetracycline, calcein blue,
etc.) [21, 22], detection of the crystalline structure of
calcium phosphate using X-ray diffractometry, Fourier
transform infrared spectrometry (FTIR) [23], and scan-
ning electron microscopy [24, 25]. Histological analysis
is easy and has been used for decades. However, except
for FTIR, none of these techniques can distinguish cell-
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mediated calcification from spontaneous precipitation of
calcium phosphate in degraded tissues. In this study, the
fluorescent substance was produced by transgenic mice,
and the fluorescence detected from nodules definitely
reflected cell-mediated calcification. Our method may be
the first valid method for detecting cell-mediated
calcification.

We performed serial observation of the same sample
and found that materials with bone-binding ability showed
multifocal development of nodules from the time of the
initial formation but that the rate of the increase in size of
the nodules did not differ between the materials. Maeda
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et al. [22] reported their noninvasive observations of
nodule formation and quantified the time-dependent
increase in green fluorescent emission from calcein-
labeled nodules formed by rat mesenchymal stem cells
cultured in osteogenic medium supplemented with calcein.
However, they did not evaluate the characteristics of
individual nodules. Our study is the first to quantify the
change in both nodule number and average size with time
in cells grown on biomaterials. We found a difference in
the pattern of nodule formation between materials
according to their bone-bonding ability. AhTi plates had
accelerated growth and multifocal nodule formation. In
large animal experiments, the application of alkali and
heat treatment accelerates the increase in failure load in
detaching tests [6]. The failure load of alkali- and heat-
treated implants was significantly higher than that of
control titanium implants at 4 weeks. Although further
studies on other bone-bonding biomaterials are required,
the acceleration of an increase in failure load in vivo may
be explained by accelerated multifocal bone—material
bonding, which is represented as multifocal nodule for-
mation in vitro.

In this study, we also used fluorescence images to
quantify new bone formation around the biomaterial
in vivo. Compared with conventional histological evalua-
tion, this technique is easy to perform and requires no
sample preparation before observation. The bone-bonding
ability of biomaterials has not been evaluated in transgenic
animals with an introduced fluorescent marker gene. This
may be because the genetics of large animals commonly
used in biomaterial evaluation have not been well studied
and gene-modified animals are not available. Although
mice are too small to undergo mechanical tests, our in vivo
experimental model is useful for confirming the results of
an in vitro culture system and may be a promising modality
for the in vivo study of biomaterials.

Lastly, from the point of animal welfare, this system
may help reduce the number of animals needed for
experimental work. Evaluating the same sample repeatedly
would require fewer samples and cells, and hence fewer
neonatal mice. Establishment of an osteoblastic cell line
from this transgenic mouse could reduce the number of
experimental animals needed for research even further.

In conclusion, we performed noninvasive serial obser-
vations of osteoblast proliferation, differentiation, and
nodule formation on biomaterials. This system may be a
promising method for screening and studying the bone-
bonding ability of biomaterials.
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Abstract

Purpose We aimed to clarify whether the coronal align-
ment after medial unicompartmental knee arthroplasty
(UKA) is predictable using preoperative full-length valgus
stress radiography.

Methods Thirty-seven consecutive patients with a mean
age of 71.5 £ 7.0 years awaiting medial UKA were
recruited. Full-length weight-bearing radiographs of the
lower limbs were obtained pre- and postoperatively. Preop-
erative full-length valgus stress radiography in the supine
position was also performed, and the transition of the hip-
knee-ankle angle (HKAA) and the weight-bearing ratio
were assessed. The tibia first cut technique was used, and
the distal femur was cut parallel to the cutting surface of
the proximal tibia during surgery.

Results The mean postoperative HKAA was 2.0° & 2.1°
varus, and the mean weight-bearing ratio was 43.1 = 7.7 %;
each of these parameters demonstrated significantly strong
correlations with the values on the preoperative valgus
stress radiographs (p < 0.01), while the correlation between
the postoperative alignment and the preoperative stand-
ing alignment without stress was moderate (p < 0.01). The
postoperative alignment was slightly undercorrected com-
pared to that observed on the valgus stress radiographs
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(p < 0.05), and no knees exhibited evident overcorrection
compared to that on the valgus stress radiographs.
Conclusion Preoperative valgus stress radiography is use-
ful for evaluating the correctability of varus deformities and
predicting the postoperative coronal alignment. For clinical
relevance, performing preoperative valgus stress radiogra-
phy would help to more precisely select patients and, when
combined with the tibia first cut technique, aid in achieving
the expected knee alignment and avoid severe undercorrec-
tion or overcorrection.

Level of evidence Diagnostic study, Level II.

Keywords Unicompartmental knee arthroplasty -
Valgus stress radiography - Tibia first cut technique -
Correctability - Coronal alignment

Introduction

Unicompartmental knee arthroplasty (UKA) relieves pain
and restores the knee function in patients with localized oste-
oarthritis of the knee [5, 9, 27, 33, 34]. It is a less invasive
surgery that preserves the cruciate ligaments as well as the
contralateral tibiofemoral and patellofemoral compartments.
Although excellent results for UKA have been reported [6,
9], there remains variability in failure rates. Varus undercor-
rection or valgus overcorrection sometimes occur and can
lead to a poor surgical outcome [1, 33, 38]. Malposition
between the femoral and tibial components increases edge
loading at the tibial component and can accelerate tibial
polyethylene insert wear [2, 14]. Therefore, it is important to
place the implant accurately and restore correct knee align-
ment to achieve a successful postoperative result.

Proper patient selection and the use of accurate surgi-
cal techniques are required to achieve successful outcomes
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with UKA [10, 16]. The indications for UKA in patients
with osteoarthritis and osteonecrosis of the knee should
be carefully selected because overcorrection can lead to
disease progression in the contralateral compartment. As
excessive release of medial soft tissue causes valgus over-
correction in patients treated with medial UKA, surgeons
should avoid this procedure. In our hospital, we determine
whether UKA is indicated for a given patient by perform-
ing full-length anteroposterior radiography under valgus
stress in advance and evaluating if the mechanical axis
crosses the tibial plateau between the tibial spines before
surgery [12, 19]. Valgus stress radiographs are sometimes
used to assess the knee condition in patients with osteoar-
thritic knees [13], however, few studies have so far evalu-
ated the ability to correct varus deformities in the preop-
erative planning of the lower limb alignment after medial
UKA [18, 24, 36]. We refer to this examination, because
valgus stress radiography reflects the maximally corrected
knee alignment when the medial soft tissue is not released.
Regarding the surgical procedure, we adopt the ‘tibia first
cut technique’ to position the femoral and tibial compo-
nents in parallel both in knee extension and flexion and
achieve an adequate limb alignment.

The purpose of this study was to clarify whether pre-
operative full-length valgus stress anteroposterior (AP)
radiography can be used to predict the postoperative
knee alignment in patients treated with medial UKA. The
hypothesis of this study was that the alignment parameters
on preoperative valgus stress AP radiographs, combined
with the tibia first cut technique, would be correlated well
with the postoperative alignment and be useful for predict-
ing the postoperative alignment and balancing the knee
ligament.

Materials and methods

Thirty-seven consecutive patients with osteoarthritis or
osteonecrosis in the medial compartment awaiting UKA,
participated in the present study. Eight males and 29
females with a mean age of 71.5 years (range 60-86) were
included (Table 1). Twenty-four knees exhibited osteoar-
thritis (OA) and 13 knees exhibited osteonecrosis. None
of the subjects had rheumatoid arthritis (RA). The selec-
tion of patients for UKA was generally based on the cri-
teria of Kozinn and Scott [21]. Briefly, the patients were
over 60 years old, not overly obese (body mass index <30)
and did not perform heavy labor. No pain in the patel-
lofemoral or lateral compartment was observed. Radio-
graphically, the lateral compartment was preserved, and the
degree of patellofemoral joint degeneration was moderate.
The types of varus deformities in all cases were intraar-
ticular, and no extraarticular deformities were included.

Table 1 The preoperative data

Parameter
Number of patients 37
Male/female 8/29

Osteoarthritis/osteonecrosis 24/13

Age (years) 71.5 (range 60-86)
Height (cm) 154.0 (range 143.0-173.2)
Weight (kg) 60.3 (range 43.0-77.2)

BMI 25.4 (range 19.6-29.8)

MDA (°) 5.3 (range 2.0-7.8)
HKAA (°) +6.5 (range 2.3-11.8)
WBR (%) 22.2 (range 3.4-45.8)

Plus (+) indicates the varus angle

MDA Metaphyseal-diaphyseal angle of the proximal tibia, HKAA
Hip-knee-ankle angle, WBR Weight-bearing ratio

The metaphyseal-diaphyseal angles (MDA) were checked
[22], and the mean MDA was 5.3° 4+ 1.5° (range 2.0°-7.8°
varus), with no knees showing severe tibia vara over 11°.
More than 90° and less than 5° of flexion contractures were
required preoperatively. Knees with cruciate ligament defi-
ciency were excluded. Additionally, we placed the most
importance on the preoperative coronal knee alignment
under valgus stress. To evaluate the possible correction
capability of each knee, a full-length anteroposterior stress
radiography examination was performed in the supine posi-
tion with a 150-N valgus force applied by a Telos arthrom-
eter (Telos, Weiterstadt, Germany). We assessed whether
the mechanical axis crossed the tibial plateau between
tibial spines before deciding to perform surgical treat-
ment. The joint space in the lateral compartment was also
checked on the stress radiographs, and the mean thickness
was 4.5 + 1.1 mm (range 3.0-6.5 mm).

Operation

A slightly medial straight skin incision was made. The
medial parapatellar retinaculum was incised, and the cap-
sular incision was extended proximally to the vastus media-
lis oblique (VMO) insertion. In patients whose VMO ran
down to the distal level of the superior pole of the patella,
we snipped the VMO 1-2 cm proximally. First, the medial
compartment of the proximal tibia was cut perpendicular to
the long axis in the coronal alignment using extramedullary
cutting guide. The tibial sagittal cutting line (the AP axis of
the tibia) was made parallel to the medial wall of the inter-
condylar notch [17]. Medial release for ligament balancing
or realignment was not performed, and only medial osteo-
phytes were removed. Second, the distal femur was cut
parallel to the proximal tibia in extension, and the posterior
femoral condyle was cut parallel to the proximal tibia in
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Fig. 1 a The distal femur was cut parallel to the cutting surface of the proximal tibia in extension using a metal spacer block. b The posterior
femoral condyle was cut parallel to the cutting surface of the proximal tibia in flexion using a rectangular gap spacer

flexion using a gap spacer block (Fig. 1a, b). The tibial and
femoral components (Zimmer Uni®; Zimmer, Warsaw, IN,
USA) were cemented in place. The ligament balance was
determined according to the thickness of the polyethylene
insert. We used a tension gauge of 2 and 3 mm and chose
the thickness of the insert so that the implant gap would be
2 mm.

Evaluation

The coronal alignment of the affected limb was evaluated
radiographically. Before surgery, full-length anteroposterior
radiographs were obtained in the weight-bearing position.
In addition, valgus stress radiography was performed after
applying 150-N force to the knee using a Telos arthrometer
in the supine position. Postoperatively, full-length weight-
bearing anteroposterior radiographs were also obtained
3 weeks after the surgery (Fig. 2a—c). To evaluate the coro-
nal alignment, the hip-knee-ankle angle (HKAA) and the
weight-bearing ratio were assessed using the 3D processing
software program, Aquarius NET® (TeraRecon, Inc., Foster
City, CA). The accuracy of the angle and distance measure-
ment were less than 0.1° and 0.1 mm. HKAA was defined
as the angle between the femoral mechanical axis and the
tibial mechanical axis [23, 26]. The weight-bearing ratio
was calculated by measuring the distance from the medial
edge of the proximal tibia to the point where the mechani-
cal axis intersects the proximal tibia, then dividing that
measurement by the entire width of the proximal tibia [25].
The presence of edge loading of the femoral component at
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the periphery of the tibial insert was surveyed. The occur-
rence of implant loosening, subsidence, a radiolucent line
or progression of osteoarthritis in the lateral compartment
was also surveyed at least 6 months postoperatively. The
postoperative knee function was clinically evaluated using
the Knee Society rating system at the final follow-up [15].
The mean follow-up period was 24.2 (range 6.0-57.8)
months. The study protocol was reviewed and approved
by the institutional review board of Kyushu University
(the approval ID: 25-120), and all patients provided their
informed consent before being included in the study.

Statistical analysis

To compare the mean values of the HKAA during preop-
erative standing, valgus stress in the supine position and
postoperative standing radiographs, we used a one-way
factorial ANOVA. Fisher’s post hoc test was used to com-
pare the mean of one group with the mean of another. The
mean values of the weight-bearing ratio under the three
conditions were compared in the same way. The relation-
ships between the postoperative alignment values and
preoperative alignment values obtained with and without
valgus stress were evaluated using Pearson’s correlation
coefficient to assess whether each parameter could be used
to predict the postoperative knee alignment. A p value of
0.05 or less was considered to indicate a significant differ-
ence. Power analyses were performed from our sample data
on ANOVA (group number = 3, effect size = 0.5, signifi-
cant level = 0.05, and power = 0.80) and on correlations
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Fig.2 a A full-length preoperative standing radiograph of an oste-
onecrosis patient. The arrow indicates the mechanical axis. b A pre-
operative valgus stress radiograph obtained in the supine position.
A valgus force was applied at 150-N by a Telos arthrometer. ¢ A
postoperative standing radiograph obtained after medial UKA. The
mechanical axis was slightly shifted medially from that observed on
the valgus stress radiograph and passed slightly medially to the center
of the knee

(r = 0.5, significant level = 0.05, and power = 0.80) to
indicate sample sizes of 13.9 on ANOVA and 28.9 on cor-
relations could address the questions.

To examine the reproducibility of this method, we ran-
domly selected 10 knees. In these knees, all measurements
were repeated three times on three different days by two
observers (Y.T. and U.K.) who were blinded to the results

recorded by the other observer, and the intraclass/inter-
class correlation coefficients (ICCs) were assessed [31].
A repeated one-factor ANOVA was performed to calculate
the intraobserver reliability [ICC (1.3)] of the data recorded
for the three measurements. The interobserver reliabil-
ity [ICC (2.3)] was calculated using an unrepeated two-
factor ANOVA of the averages of the three measurements
obtained by each of the two observers. The reliability of
values obtained in the measurements ranged from good to
great: the ICC (1.3) values were 0.95 and 0.99 and the ICC
(2.3) values were 0.87 and 0.95 for the HKAA and weight-
bearing ratio, respectively. The JMP® 9 software program
(SAS Institute Inc., Cary, NC, USA) was used for the sta-
tistical analysis.

Results

The mean preoperative HKAA on weight-bearing radio-
graphs was 6.5° £ 2.8° varus, corrected to 0.2° £ 2.6°
varus with valgus stress (p < 0.01). The mean postopera-
tive HKAA on weight-bearing radiographs was 2.0° £ 2.1°
varus, which was approximately 2° back to varus alignment
than that observed on the preoperative valgus stress radio-
graphs (p < 0.05). The mean preoperative weight-bearing
ratio on standing radiographs was 22.2 &+ 11.0 %, which
increased to 48.1 + 9.4 % with valgus stress (p < 0.01).
The mean postoperative weight-bearing ratio was
43.1 £ 7.7 %, and the mechanical axis was slightly shifted
back to the medial side compared to that observed under
preoperative valgus stress (p < 0.05) (Table 2). None of the
affected knees were overcorrected more than 2° valgus or
5 % lateral postoperatively compared to that observed on
the valgus stressed radiographs. The correlations between
the full-length weight-bearing alignment before and after
the surgery were moderate for both the HKAA (r = 0.54,
p < 0.01) and weight-bearing ratio (r = 0.47, p < 0.01)
measurements (Fig. 3a, b). The alignment values in the pre-
operative valgus stress radiographs demonstrated a strong
correlation with those observed in the postoperative knees
for both HKAA (r = 0.71, p < 0.01) and weight-bearing
ratio (r = 0.64, p < 0.01) (Fig. 3c, d).

Table 2 Transition of the lower limb alignment values on full-length radiography

Parameter Preoperative standing radiography Valgus stress radiography Postoperative standing radiography
HKAA (°) +6.5+28 +0.2 £+ 2.6* +2.0 £ 2.1%,**
WBR (%) 2224110 48.1 £ 9.4%* 43.1 = T.7* F¥

The values are presented as the mean =+ standard deviation. The plus sign indicates the varus angle. The minus sign indicates the valgus angle

HKAA Hip-knee-ankle angle, WBR Weight-bearing ratio
* p < 0.01 compared with preoperative standing radiography

** p < 0.05 compared with preoperative valgus stress radiography
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