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Abstract
Objective The aim of this observational study was to investigate the postoperative alignment change with Oxford unicom-
partmental knee arthroplasties (UKA), and clarify whether femoro-tibial facet angle (FTFA) is useful for evaluating align-
ment correctability with UKA.
Methods This study evaluated 79 knees consecutive minimally invasive Oxford phase 3 UKAs performed between 2013 
and 2014. Full-length weight-bearing radiographs of the lower limbs were obtained pre- and postoperatively to assess varus 
angle. Preoperative valgus stress radiography in the supine position was also performed. FTFA was measured on weight-
bearing anteroposterior radiography and valgus stress radiography.
Results The preoperative varus angle of 4.6° ± 3.1° reduced to 1.7° ± 2.6° postoperatively. Preoperative varus angle and 
postoperative varus angle change strongly correlated with the FTFA value and its change on the valgus stress radiographs, 
respectively (p < 0.01). Based on preoperative FTFA under valgus stress radiography, intra-articular varus corrected group 
(37 knees) with preoperative varus angle 2.9° ± 2.4° was corrected to − 0.3° ± 2.0° after UKA. However, intra-articular varus 
uncorrected group (42 knees) with preoperative varus angle 6.0° ± 3.0° was only corrected to 3.5° ± 1.7°. Thirteen knees 
(16.5%) were overcorrected to valgus after UKA, with a mean FTFA of − 1.2° ± 0.4° under valgus stress force, which related 
with a postoperative valgus angle 0.8° ± 1.2°.
Conclusion FTFA change under valgus stress force was useful for evaluating the correctability of UKA. It could reflect 
intra-articular varus deformity. Intra-articular varus deformity not corrected under valgus stress would result in varus after 
UKA. However, intra-articular deformity which could be overcorrected under valgus stress would have a tendency to valgus 
after Oxford UKA.
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Introduction

With the aging of the population in the world, the inci-
dence of knee osteoarthritis is increasing. Unicompart-
mental knee arthroplasty (UKA) is a minimal invasive 
option for anteromedial osteoarthritis with many advan-
tages, such as smaller incision, less soft tissue injury, 
minimal bone resection, preservation of normal knee kin-
ematics, and rapid recovery [1–4].

As postoperative lower extremity alignment is crucial to 
the outcome of knee arthroplasty, the varus deformity cor-
rection is an important consideration before UKA. Valgus 
overcorrection or varus undercorrection may result in a 
poor result [5–7]. Overcorrection could cause contralateral 
compartmental overload and failure in arthritis progres-
sion [7–9]. However, undercorrection could increase the 
load to the medial compartment, which may accelerate 
polyethylene wear [9, 10].

However, to our knowledge, few studies have been 
reported of useful references for surgeon to predict align-
ment correctability with minimally invasive Oxford UKA. 
Tashiro et al. found coronal alignment could be predicted 
with full-length valgus stress radiography [11]. However, 
the evaluation parameter was weight-bearing ratio which 
was not an immediate factor for intra-articular deformity 
evaluation. Besides, it was about the fixed-bearing sys-
tem which was designed quite different with the mobile-
bearing system. The mobile Oxford UKA was designed to 
restore the natural knee with no attempt to assess the lower 
limb alignment intraoperatively, and no soft tissue release 
was performed. Therefore, a preoperative reference able 
to predict postoperative alignment may be useful. Femoro-
tibial facet angle (FTFA) is the angle between femoral 
facet and tibial facet, which could reflect the intra-articular 
deformity. Therefore, the aim of this observational study 
was to investigate the postoperative alignment change 
with intra-articular deformity correction using minimally 
invasive Oxford phase 3 mobile-bearing UKA, and clarify 
whether the FTFA change under valgus stress force radi-
ography is useful for evaluating alignment correctability 
with UKA.

The hypothesis of this study was that FTFA on preoper-
ative anteroposterior (AP) radiographs under valgus stress 
would be correlated well with the postoperative alignment 
and be useful for predicting the alignment correctability 
with minimally invasive mobile-bearing UKA.

Patients and methods

Approval for the present study from the institutional 
review board was obtained. From September 2013 to 
December 2014, 79 knees consecutive knees of 68 
patients were included. At baseline, the mean age was 
69.0 ± 8.8 years, with a mean body mass index (BMI) of 
24.6 ± 3.6 kg/m2. A total of 38 UKAs were performed on 
the right knee and 41 on the left knee; 24 knees were male 
(30.4%) and 55 were female (69.6%). The indications for 
UKA were severe knee pain of medial compartment and 
considerable difficulty in walking and performing daily 
activities. Radiograph can demonstrate loss of articular 
cartilage medially by showing that the medial joint width 
became narrow. The other indications were an intact ante-
rior cruciate ligament (ACL), varus deformity < 15°, flex-
ion contracture < 15°, intact lateral compartment [12]. The 
preoperative diagnosis was osteoarthritis in all patients. 
Informed consent was obtained from all individual par-
ticipants included in the study.

Weight-bearing, hip-to-ankle AP radiographs were taken 
at our institution both preoperatively and postoperatively. 
Care was taken to ensure that each patient stood with his/
her patellae facing forward, to minimize rotational varia-
tion among the radiographs. Valgus stress radiographs were 
obtained without anesthesia in the supine position. The 
junior author manually applied a firm valgus force through 
the affected knee, paying attention to neutral rotation and 
keeping the tibia plateau parallel to the X-ray beam. On 
full-length weight-bearing radiographs, the hip–knee–ankle 
angle (HKAA) was defined as the angle between the femoral 
mechanical axis (center of hip to center of knee) and the 
tibial mechanical axis (center of knee to center of ankle) [13, 
14]. Varus was defined as HKAA < 180°. The varus angle 
was defined HKAA subtracted from 180°. The femoro-tibial 
facet angle (FTFA) was defined as the angle between the 
best-fit line along the surface of the tibial plateau and the line 
connecting the most distal points of the medial and lateral 
femur condyles. The FTFA was measured on weight-bear-
ing AP radiograph and valgus stress radiograph. According 
to the FTFA on valgus stress radiographs, the sample was 
divided into two groups. Group A, intra-articular varus cor-
rected group, which valgus force could correct FTFA to 0° 
or more, was defined as correctable. Group B, intra-articular 
varus uncorrected group under valgus stress, which valgus 
force could not correct FTFA to 0°, was considered under-
corrected. The measurements were performed on a picture 
archiving and communication system (PACS) using software 
packages in the hospital. Each measurement was performed 
twice by two independent observers (Fig. 1a–d).

All UKA procedures were performed by the sen-
ior author using the same minimally invasive surgical 
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technique with the mobile Oxford medial UKA (Oxford 
unicompartmental knee, Zimmer Biomet, Bridgend, UK). 
The knee joint was exposed through a small skin incision 
with quadriceps sparing and no patellar eversion. Medial 
release for ligament balancing or realignment was not per-
formed. However, all medial osteophytes were completely 
removed with the osteotome. The ligament balance was 
determined according to 1 mm gap after the polyethylene 
bearing insert. Patients were followed up at months 3, 6, 
and 12, and yearly thereafter. The final assessment was 
recorded for analysis.

All data were analyzed using SPSS for windows 17.0 
(SPSS, Chicago, IL, USA). The data was reported as the 
mean ± standard deviation. The χ2 test and t test were used 
to determine statistically significant differences between 
the groups. The relationships between varus angle and 
FTFA were evaluated using Pearson’s correlation coef-
ficient to assess whether each parameter could be used to 
predict the alignment correctability. A p value < 0.05 was 
considered statistically significant [15].

Results

The mean follow-up was 18.3 ± 4.5 months with no lost. 
In all patients, passive full flexion of the knee and painless 
active full flexion was possible within 7 postoperative days 
and 3 postoperative months, respectively. The mean preop-
erative range of motion (ROM) was 120.8° ± 9.7°, which 
was improved to a mean of 124.8° ± 6.4° at the final fol-
low-up, although this difference was not statistically sig-
nificant (p = 0.349). The mean hospital for special surgery 
(HSS) knee score increased from 58.7 ± 8.4 to 92.2 ± 4.9 at 
the time of final follow-up (p = 0.000). The mean preopera-
tive FTFA on weight-bearing radiographs was 3.2° ± 1.8°, 
which reduced to 0.3° ± 1.0° on the preoperative valgus 
stress radiographs with valgus stress force (p < 0.01). The 
mean mechanical preoperative varus angle of 4.6° ± 3.1° 
reduced to 1.7° ± 2.6° after UKA (p = 0.000, < 0.01).

The varus angle on full-length weight-bearing radi-
ography was 4.6° ± 3.1°, which was strongly correlated 

Fig. 1  a A case of a 73-year-old woman with varus knee OA was 
treated with UKA. Femoro-tibial facet angle on weight-bearing radio-
graphs was 7.0°. The femoro-tibial facet angle (FTFA) was defined 
as the angle between the best-fit line along the surface of the tibial 
plateau and the line connecting the most distal points of the medial 
and lateral femur condyles. b Femoro-tibial facet angle (FTFA) under 
valgus stress force radiography was corrected to 3.7°. c Preoperative 

hip–knee–ankle angle (HKAA) on full-length weight-bearing radio-
graph was 172.5°, which meant that varus angle was 7.5°. The hip–
knee–ankle angle (HKAA) was defined as the angle between the fem-
oral mechanical axis (center of hip to center of knee) and the tibial 
mechanical axis (center of knee to center of ankle). d Postoperative 
hip–knee–ankle angle (HKAA) on full-length weight-bearing radio-
graph was 176.5°, which meant that varus angle was 3.5°
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with the FTFA value on weight-bearing radiography 
(r = 0.658, p < 0.01). The formula was shown as follow-
ing: Y (°) = 0.993 (°) + 1.126X (°) (Y: varus angle value; 
X: FTFA value). Correspondently, postoperative varus 
angle change showed a strong positive correlation with 
the preoperative FTFA change on valgus stress radiogra-
phy (r = 0.603, p < 0.01). Y (°) = 0.223 (°) + 0.913X (°) (Y: 
varus angle change value; X: FTFA change value) (Figs. 2, 
3).

According to preoperative FTFA under valgus stress radi-
ography, the sample was divided into two groups. Group A, 
intra-articular varus corrected group under valgus stress, 37 
knees, preoperative varus angle of 2.9° ± 2.4° reduced to 

− 0.3° ± 2.0° postoperatively. Group B, intra-articular varus 
uncorrected group under valgus stress, 42 knees, preopera-
tive varus angle of 6.0° ± 3.0° was corrected to 3.5° ± 1.7° 
postoperatively. The two groups were comparable in terms 
of age, gender distribution, and BMI. There were no dif-
ferences in the mean postoperative HSS score and ROM 
between the groups. Though the difference in amount of 
correction achieved after surgery in two groups was not 
statistically significant (2.5° ± 2.9°, 3.2° ± 1.7°, p > 0.05), 
the pre-and post-operative varus angle between the two 
groups with and without intra-articular varus correction 
under valgus stress were significantly different. In Group 
B, the varus deformity was more severe than that of Group 
A (preoperative varus angle: Group A: 2.9° ± 2.4°, Group 
B: 6.0° ± 3.0°, p < 0.001). Under the valgus stress force, 
intra-articular deformity could not be corrected in Group B. 
Therefore, more postoperative varus deformity was remained 
in Group B after UKA (postoperative varus angle: Group A: 
− 0.3° ± 2.0°, Group B: 3.5° ± 1.7°, p < 0.001) (Table 1).

After UKA, there were 13 knees (16.5%) whose align-
ment was overcorrected to postoperative valgus, with a 
mean age of 71.0 ± 8.7 years. Before UKA, the intra-articu-
lar varus deformity was also overcorrected to valgus under 
valgus stress radiograph with the mean FTFA − 1.2° ± 0.4° 
(− 2.0 to − 1.0°), which was related to a mean postoperative 
valgus angle 0.8° ± 1.2° (1.0° to − 3.0°) after UKA (Table 2).

Discussion

The most important finding of the present study was that the 
postoperative varus angle change was significantly strong 
correlated with the preoperative FTFA change on the valgus 
stress radiographs. FTFA could reflect intra-articular varus 
deformity correctability. FTFA would increase as the varus 
deformity worsen, especially when bone on bone in medial 
compartment. FTFA change on valgus stress radiographs 
can be used to evaluate the correctability of varus deform-
ity preoperatively and predict the postoperative alignment 
correctability after minimally invasive Oxford medial UKA.

The varus deformity is the frontal malalignment in osteo-
arthritis, which is crucial to the result of knee arthroplasty. 
The varus deformity included the intra-articular and extra-
articular deformity [16, 17]. HKAA is usually used to assess 
the total malalignment deformity, which is determined by 
the mechanical axis of both the femur and the tibia. FTFA is 
the angle between femoral facet and tibial facet, which could 
reflect the deformity of intra-articular knee. Furthermore, it 
is not influenced by the extra articular deformity. The intra-
articular varus deformity may due to the medial wear with 
or without medial ligament crispation, which is generally 
reducible in UKA. The indication of UKA is anterome-
dial osteoarthritis, whose varus deformity is from cartilage 

Fig. 2  Scatterplot depicting the relationship between preoperative 
varus angle and femoro-tibial facet angle (FTFA) on weight-bearing 
radiography

Fig. 3  Scatterplot depicting the relationship between postoperative 
hip–knee–ankle angle change and preoperative femoro-tibial facet 
angle (FTFA) change on valgus stress radiography
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erosion in medial compartment. The angle of varus depends 
on the amount of cartilage loss in medial compartment. Each 
millimeter cartilage wear increase by 1° varus. To expose 
bone on both surfaces, the total thickness of cartilage wear 
is about 5 mm, causing about 5° varus [18–21]. The mean 
preoperative varus angle on weight-bearing radiographs 
in the case series was 4.6 ± 3.1°, which reflected the varus 
might result from cartilage wear. This formula Y (°) = 0.993 
(°) + 1.126X (°) (Y: varus angle value; X: FTFA value) can 
be used to reflect the relationship between varus angle and 
FTFA. As the varus angle on full-length weight-bearing 
radiography was strong correlated with the FTFA value on 
weight-bearing radiography, the FTFA measurement on 
weight-bearing radiography was useful for evaluation of 
intra-articular varus deformity.

Oxford unicompartmental knee has a mobile-bearing 
with full congruency, minimizing polyethylene wear and 

restoring the natural knee motion [22]. The principle of the 
procedure was to keep knee stability by ligament tension. 
Soft tissue tension must be adequate to prevent the joint 
from subluxation or dislocation. Over high tension may 
cause excessive wear of polyethylene or even limit move-
ment. On the other hand, lessening tension may cause insta-
bility and bearing dislocation. If we keep the natural tension 
with no soft tissue release, the size of bearing which inserted 
into the knee is related to bone cut and the correctability 
of articular deformity. More bone cut, thicker bearing size. 
Smaller bone cut, thinner bearing size. If we use larger size 
bearing, overcorrection tends to incur. On the contrary, if we 
use smaller bearing, undercorrection and dislocation of bear-
ing would incur. Therefore, the alignment correctability of 
Oxford UKA mostly depends on the correctability of intra-
articular deformity which is related to the cartilage wear 
correction and restored ligament tension. The valgus stress 
radiography can reflect the correctability of intra-articular 
varus deformity from cartilage wear when the medial soft 
tissue is not released. It follows that FTFA change on valgus 
stress radiographs can be used to evaluate the correctability 
of varus deformity preoperatively and predict the postopera-
tive alignment after medial UKA.

The other finding of the study was that intra-articular 
deformity which could be overcorrected under valgus stress 
radiographs would tend to valgus after UKA. However, the 
preoperative varus not corrected under valgus stress radio-
graphs would result in excessive varus after UKA. This for-
mula Y (°) = 0.223 (°) + 0.913X (°) also can be used to reflect 
the peculiarity in the alignment correctability of Oxford 
UKA. Though the alignment could be to some extent cor-
rected, limbs with more severe preoperative varus deformity 
tended to remain in excessive varus. Mullaji investigated 
122 consecutive minimally invasive Oxford phase 3 medial 

Table 1  Comparison of varus 
corrected group and uncorrected 
group based on FTFA

Group A (varus 
corrected group)

Group B (varus 
uncorrected group)

t/χ2 value p value

Number (knees) 37 42
Sex (male:female) 12/25 12/30 0.139 0.710
Age (years) 68.8 ± 8.5 69.2 ± 9.2 0.203 0.840
BMI (kg/m2) 24.2 ± 3.7 25.0 ± 3.5 1.060 0.292
Preoperative HSS score 58.1 ± 7.9 59.2 ± 8.8 0.585 0.560
Postoperative HSS score 91.1 ± 5.0 93.2 ± 4.7 1.905 0.060
Preoperative ROM (°) 116.9 ± 9.9 124.3 ± 8.3 3.614 0.001
Postoperative ROM (°) 123.9 ± 7.8 125.6 ± 4.9 1.175 0.244
Preoperative varus angle (°) 2.9 ± 2.4 6.0 ± 3.0 − 5.021 0.000
Postoperative varus angle (°) − 0.3 ± 2.0 3.5 ± 1.7 − 9.037 0.000
Varus angle change value (°) 3.2 ± 1.7 2.5 ± 2.9 − 1.266 0.210
FTFA on weight-bearing radiograph (°) 2.6 ± 1.5 3.6 ± 1.9 2.532 0.013
FTFA under valgus stress radiograph (°) − 0.5 ± 0.6 0.9 ± 0.7 9.131 0.000
FTFA change value (°) 3.1 ± 1.6 2.7 ± 1.6 − 1.106 0.272

Table 2  Data for postoperative valgus overcorrection

Data

Number (knees) 13
Sex (male: female) 3/10
Age (years) 71.0 ± 8.7 (61 to 85)
BMI (kg/m2) 25.0 ± 4.2 (19.0 to 31.9)
FTFA on weight-bearing radiograph (°) 2.3 ± 1.6 (0.7 to 5.6)
FTFA under valgus stress radiograph (°) − 1.2 ± 0.4 (− 2.0 to − 1.0)
Preoperative varus angle (°) 3.2 ± 1.6 (6.0 to 0.0)
Postoperative varus angle (°) − 0.8 ± 1.2 (1.0 to − 3.0)
Preoperative ROM (°) 123.7 ± 8.5 (108 to 138)
Postoperative ROM (°) 125.8 ± 4.8 (118 to 138)
Preoperative HSS score 57.0 ± 7.7 (39 to 68)
Postoperative HSS score 92.3 ± 3.5 (84 to 96)
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unicompartmental knee arthroplasties in 109 patients for 
postoperative alignment. In 75% of the knees, the HKAA 
was restored to within an acceptable alignment of 177° ± 3°, 
14% of the limbs were in excessive varus (< 174°), and 11% 
were in valgus (> 180°) [23]. Although most of the limbs 
had acceptable alignment after UKA, some patients would 
have excessive varus or valgus. The reason might be that 
limbs with more severe preoperative varus deformity had 
a contracted ligament. It followed that FTFA under valgus 
stress radiographs cannot be corrected to 0°, in other words, 
intra-articular varus deformity was not correctable before 
operation. However, no ligament was not allowed to release 
in UKA procedure and the contracted ligament was not 
corrected to acceptable length. Consequently, it remained 
in excessive varus after mobile-bearing UKA. In contrast, 
limbs with FTFA overcorrected had a tendency to result in 
valgus after UKA. The reason might be that limbs overcor-
rected under valgus force do not have a contracted ligament 
and serious cartilage wear. It follows that intra-articular 
varus was less and FTFA could easily be overcorrected to 
0°or more under valgus stress. Besides, some patients may 
have a small physiological habitual valgus before developing 
medial compartmental OA due to medial wear. According 
to UKA procedure, soft tissue tension must be adequate to 
prevent the joint from subluxation or dislocation. Thus, sur-
geon usually preferred a thicker bearing to keep the joint gap 
1 mm. As a result, the postoperative alignment tended to be 
valgus after mobile-bearing insertion.

With respect to patient selection in practice, intra-articular 
varus deformity correctable is proper indication for medial 
UKA, especially the mild-to-moderate varus corrected 
group under valgus stress. As overcorrection could cause 
contralateral compartmental overload and failure in arthri-
tis progression, it might be better to select patient without 
FTFA overcorrected under valgus stress radiographs. Oth-
erwise, limbs with FTFA overcorrected under valgus stress 
have a tendency to valgus after UKA. Similarly, limbs with 
more severe preoperative varus deformity tend to remain in 
excessive varus. The serious intra-articular varus deformity 
that could not be corrected to acceptable angle under valgus 
stress is not indicated for UKA, especially those varus not 
just from cartilage wear. Therefore, varus deformity is not 
allowed to be larger than 15° for UKA indication criteria. 
Total knee arthroplasty should be the best choice for seri-
ous varus deformity, which could correct deformity more 
amount because of bone cut and ligament release [24, 25].

Nevertheless, there were still a few potential weaknesses 
in the study. First, the evaluation of the ligamentous bal-
ance was not quantified. The gap was 1 mm, which was 
a subjective indicator. However, all procedures were per-
formed by the senior author, and the surgical criteria of soft 
tissue and bone preservation were uniform throughout the 
study. Second, the valgus stress force was not applied using 

a measurable tensor device. Therefore, the distraction force 
may not always have been the same as the one applied dur-
ing stress radiography. However, the same valgus force may 
not be appropriate for different patient to correct the varus 
deformity in practice. Third, as the aim of this study was to 
investigate usefulness of FTFA under valgus stress for evalu-
ating correctability of varus deformity, many other factors 
such as excising osteophytes were not analyzed in the study, 
which might influence the correctability [26]. Further study 
is still needed to elaborate the result.

In conclusion, femoro-tibial facet angle (FTFA) can 
reflect intra-articular deformity from varus knee. FTFA 
change under valgus stress force radiography is useful for 
evaluating the correctability of intra-articular varus deform-
ity. Intra-articular deformity varus not corrected under 
valgus stress radiographs will result in varus after UKA. 
However, intra-articular deformity which can be overcor-
rected under valgus stress radiographs will tend to valgus 
after Oxford UKA.
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