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Abstract
Purpose We aim to �gure out the deviation of using ASIS as the reference for femoral anatomical axis
(AA) in unicompartmental knee arthroplasty (UKA) and the degree of angle between AA and actual
mechanical axis (MA) in the coronal plane for patients with medial compartment knee osteoarthritis
(KOA).

Patients and Methods  Between December 2017 to December 2019, a total of 120 consecutive knees
(104 patients) with severe medial compartment KOA were included in this study. The weight-bearing full-
length radiographs of included knees were analyzed using Picture Archiving Communication System
(PACS). The lines of AA, operation AA (oAA) and MA were identi�ed. Angles between AA and oAA (Angle
1), AA and MA (Angle 2) were measured on the radiographs. Symbol “+” and ”-” were attached with
angles between AA and oAA to describe the situation when oAA lies in the lateral or medial side of AA.
The statistical analysis was done using SPSS Version 23.0. A p values 0.05 were considered to be
signi�cant.

Results: The deviation angle between AA and oAA in the coronal plane (Angle 1) was (0.91±1.08)°
(-2.61°-3.04°). The angle between AA and MA in the coronal plane (Angle 2) was (6.26±1.01 °
(3.95°-8.93°). No signi�cant differences of Angle 1 and Angle 2 were found between sexes. For knees with
partial thickness cartilage loss (PTCL) (n=39) and full thickness cartilage loss (FTCL) (n=81), Angle 1
was statistically signi�cantly different in the 120 knees (0.61°vs.1.05°;p=0.035). While the Angle 2 for
knees with PTCL and FTCL was (6.13±0.80)° (4.83°-7.99°, p=0.326) and (6.32±1.09)° (3.95°-8.93°,
p=0.326), respectively.

Conclusion A mean deviation angle of 0.91° was identi�ed between AA and oAA, the value of which
could be larger in knees with FTCL. ASIS may not be a reliable reference for AA of femur in UKA patients.
And an adjustment of at most 1.0°of varus angle may help achieve better coronal alignment.

1. Introduction
As a main cause of lower limb pain and disability worldwide, knee osteoarthritis (KOA) has great impacts
on the quality of patients’ life and brings heavy burden for public health system[1, 2]. Unicompartmental
knee arthroplasty (UKA) is an effective treatment for end-stage, symptomatic unicompartmental knee
osteoarthritis. It’s demonstrated that postoperative alignment of implant in lower limb will signi�cantly
affect the outcome and survivorship of UKA[3, 4]. Although a recent study claimed that most of the
orthopedic operators were liable to use intramedullary (IM) rod in femur while making the vertical tibial
saw cut[5], there still exists controversy in the �eld of reference determine the alignment in lower limb. It’s
recommended to use intramedullary technique for femoral bone preparation in Oxford UKA (Oxford
unicompartmental knee, OUKA; Biomet, Bridgend, UK). The new Oxford UKA manual guidance pointed out
that the IM rod was inserted from the point where anatomical axis (AA) cross the surface of distal femur
towards ASIS[6, 7]. Represented by the IM rod, the operation AA (oAA) was determined in order to further
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2. Patients And Methods
The present study was approved by the institutional review board. We examined the prospective database
of China-Japan Friendship Hospital to identify consecutive patients undergoing medial phase 3 Oxford
UKA via a minimally invasive approach with microplasty instruments by one surgeon (Wanshou GUO).

The indications for UKA were severe knee pain involving the medial compartment and considerable
di�culty in walking and performing daily activities. Radiographs demonstrated medial loss of articular
cartilage is evidenced by a narrow medial joint width. The other indications were an intact anterior
cruciate ligament (ACL), varus deformity of < 15°, �exion contracture of < 15°, and an intact lateral
compartment. The preoperative diagnosis was osteoarthritis in all patients. Informed consent was
obtained from all individual participants included in the study.

The preoperative weight-bearing anteroposterior (AP) and lateral, and full length radiographs including
ASIS were available. Care was taken to ensure that each patient stood with his or her patellae facing
forward to minimize rotational variation among AP radiographs. Preoperative weighted AP radiographs
of target patients was checked using Picture Archiving Communication System (PACS, FIRSTECH, Hefei,
Anhui, China) by two separated authors (Yan YAN and Chongjie CHENG) to identify knees with OA in the
medial compartment. Kellgren-Lawrence Grading Scale was used to assess the conditions of knees. Only
knees with rating of grade 3 or 4 were enrolled in this study. UKAs carried for spontaneous necrosis of the
knee (SONK), according to radiological or histological diagnosis, or that fail to ful�l other indication for
UKA such as: a functionally normal ACL, a functionally normal medial collateral ligament, intact full-
thickness lateral cartilage and a patellofemoral joint (PFJ) with no lateral grooving and bone loss, were
excluded from the analysis. Knees with any deformity such as post-fracture or osteotomy in�uencing the
femoral shaft morphology were also excluded from our study. In addition, knees without weight-bearing
full length radiographs including ASIS were excluded. Between December 2017 to December 2019, a total
of 120 consecutive knees (104 patients) with medial compartment KOA were identi�ed and included in
this study. Patient details are described in Table 1.

�nd the direction of femoral mechnical axis (MA), which was especially important to the osteotomy of
tibia[8].

However, the use of an IM guide for standardized femoral preparation does not always guarantee
accuracy of implant positioning and alignment in clinical practice. Considering the differences existing in
the anthropometry of patients’ femoral shaft, it may lead to severe coronal malalignment. What’s more,
can the ASIS act as a reliable reference for the AA of femur? That’s an issue that needs to be addressed.
And if there really exist constant deviation in the angle between AA and the IM line, we may reconsider the
predetermined angle for the determination of MA. Nevertheless, few researches about the issue above
was available. Thus the purpose of our study was to �gure out the accuracy of using ASIS as the
reference for femoral AA in UKA and the degree of angle between AA and MA in the coronal plane for
patients with medial KOA.
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Table 1
Patient demographic

  Value, mean ± SD (range)

Age (years) 67.6 ± 8.6 (47–85)

Gender (knees) Male: 23; Female: 97

BMI (kg/m²) 26.5 ± 3.4 (17.5–36.1)

Side Left: 57; Right: 63

Cartilage loss in medial compartment PTCL:39; FTCL: 81

BMI: body mass index; SD: standard deviation; PTCL: partial thickness cartilage loss; FTCL: full
thickness cartilage loss.

The full length alignment radiographs of included knees were analyzed using PACS by two authors (Yan
YAN and Chongjie CHENG) individually. In order to determine the MA of femur, a line was drawn from the
center of the femoral head to the center of the knee. The center of femoral head was identi�ed using
Mose circle while the center of the femoral condyles in the plane of the deepest point of the intercondylar
notch was de�ned as the center of the knee (Fig. 1). The femoral AA was drawn as a line connecting the
midpoint of the shaft just inferior to the level of the less trochanter and the midpoint of the shaft 10 cm
proximal to knee joint (Fig. 2). The oAA was de�ned as the line connecting the point of ASIS and the
entrance point of IM rod. The point of ASIS could be easily located in full length alignment radiograph.
While the entrance point of IM rod was identi�ed as the point where the AA intersects the surface of distal
femur (Fig. 3). The angles between AA and oAA (Angle 1), AA and MA (Angle 2) were measured on the
radiographs by two individual examiners (Yan YAN and Chongjie CHENG). Symbol “+” and ”-” attached to
angles between AA and oAA were used to describe the situation when oAA lies in the lateral or medial
side of AA. The statistical analysis was done using SPSS Version 23.0. A p values <0.05 were considered
to be signi�cant.

3. Results
A total of 120 knees (104 patients) were analyzed. The deviation angle between AA and oAA in the
coronal plane (Angle 1) was (0.91 ± 1.08)° (-2.61° at minimum, 3.04° at maximum, Table 2). Among all
the included knees, 17 out of them were associated with angles symbolized by “-”, indicating that the line
of oAA appeared in the medial side of AA. While the oAA line of rest 103 knees lied in the lateral side of
AA. The angle between AA and MA in the coronal plane (Angle 2) was (6.26 ± 1.01)° (3.95° at minimum,
8.93°at maximum, Table 2).

The Angle 1 for knees of male patients (n = 23) was (1.04 ± 1.15)° (-1.93° at minimum, 2.79° at maximum,
p = 0.526, Table 2). When it comes to knees of female patients (n = 97), the value of Angle 1 was (0.88 ± 
1.07)° (-2.61° at minimum, 3.04° at maximum, p = 0.526, Table 2). The Angle 2 for knees of male and
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female patients was (6.28 ± 0.94)° (4.59° at minimum, 8.38° at maximum, p = 0.894, Table 2) and (6.25 ± 
1.03)° (3.95° at minimum, 8.93°at maximum, p = 0.894, Table 2), respectively.

The Angle 1 for knees with PTCL (n = 39) was (0.61 ± 1.14)° (-2.40° at minimum, 2.77° at maximum, p = 
0.035, Table 2). While the value of Angle 1 in knees with FTCL (n = 97) was (1.05 ± 1.03)° (-2.61° at
minimum, 3.04° at maximum, p = 0.035, Table 2). The angle 2 for knees with PTCL and FTCL was (6.13 ± 
0.80)° (4.83° at minimum, 7.99° at maximum, p = 0.326, Table 2) and (6.32 ± 1.09)° (3.95° at minimum,
8.93°at maximum, p = 0.326, Table 2), respectively.

Table 2
The value of Angles measured on enrolled knees

Factor Angle 1* (degree) Angle 2* (degree)

All knees (n = 120) 0.910 ± 1.08 (-2.61-3.04) 6.26 ± 1.01 (3.95–8.93)

Knees of male patients (n = 23) 1.04 ± 1.15 (-1.93-2.79) 6.28 ± 0.94 (4.59–8.38)

Knees of female patients (n = 97) 0.88 ± 1.07 (-2.61-3.04) 6.25 ± 1.03 (3.95–8.93)

p-value 0.526 0.894

Knees with PTCL (n = 39) 0.61 ± 1.14 (-2.40-2.77) 6.13 ± 0.80 (4.83–7.99)

Knees with FTCL (n = 81) 1.05 ± 1.03 (-2.61-3.04) 6.32 ± 1.09 (3.95–8.93)

p-value 0.035 0.326

Angle 1: angle between anatomical axis and operation anatomical axis in the coronal plane; Angle 2:
angle between anatomical axis and mechanical axis in the coronal plane; PTCL: partial thickness
cartilage loss; FTCL: full thickness cartilage loss.

4. Discussion
The main �nding of the present study was that there exists a deviation angle of (0.91 ± 1.08)° (-2.61° at
minimum, 3.04° at maximum) between AA and oAA in the coronal plane in knees with severe medial
compartment OA. While the value for knees with PTCL and FTCL was (0.61 ± 1.14) ° (-2.40° at minimum,
2.77° at maximum, p = 0.035) and (1.05 ± 1.03)° (-2.61° at minimum, 3.04° at maximum, p = 0.035) on
average, respectively. To our knowledge, this is the �rst study performed to show the speci�c numerical
value of coronal deviation between AA and oAA in knees with severe KOA according to our search result.

OUKA heralded the biggest advance in modern-day UKA with a market share of over 66% according to the
annual report from the National Joint Registry (NJR) in the United Kingdom[9]. Until 1998, The Oxford
UKA has been updated to the third generation. In 2012, new microplasty instruments were introduced for
OUKA, making the surgery more reliable and reproducible[8, 10, 11]. The microplasy operation technique
of the phase 3 OUKA �rstly proposed the method of using ASIS as reference for anatomical axis of femur
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in UKA[7], which showed great superiority in femoral alignment[12] and was later accepted by most of
surgeons engaged in UKA operation. Before this, surgeons used to take the center of femoral head as the
reference for MA so as to guide the resection of tibia in UKA. And the position deviation of femoral
prosthesis during UKA is as high as 32% previously[13, 14].

Although many surgeons have reported acceptable to good outcomes of OUKA with microplasty
instruments, few research was conducted to examine the e�cacy of ASIS as reference for AA of femur
until now. Previously, several studies reported various accuracy of femoral IM technique ranging from 85
to 96% in the normal range in total knee arthroplasty (TKA)[15–18]. An image-based research by Wu
explored the accuracy of the method above and found that the shaft AA was signi�cantly different from
the clinical AA with a deviation angle of 0.8°in 100 patients[19]. However, only patients with unilateral
femoral or tibial nonunions or malunions were included in his study. In 2019, Yang et al. reported an
average angle of 0.96°between femoral IM guide rod and femoral AA in the coronal plane according to
Intraoperative X-ray �lms of 50 OUKA patients (50 knees)[20]. But, no further analysis was conducted to
obtained deviation angle of different subgroup in this paper. Considering that most of the candidates for
UKA are patients with severe OA in medial compartment of the knee, the cartilage loss of which will
undoubtedly affect the accuracy of lower extremity alignment with this method.

In our study, a mean deviation angle (Angle 1) of 0.91° was identi�ed between AA and oAA, indicating
that the oAA was approximately 0.91° vagus when compared against the actual AA coming through the
middle of femoral shaft in the coronal plane. This is a considerable value of deviation in that the
alignment of lower limb would be signi�cantly affected by inaccurate resection of proximal tibia. With
incorrect implantation of prosthesis, it’ di�cult to balance the �exion gap and extension gap, which may
result in aseptic loosing, dislocation of bearing and impaired survivorship of implantation[3, 4].
Adjustment of at most 1.0°of varus angle may help to achieve better coronal alignment according to our
study. While the angle between AA and MA (Angle 2) was consistent with the range reported in previous
research (5–7°). In addition, it’s obvious that there was no signi�cant difference between knees of male
and female patients when considering Angle 1 and Angle 2 (p 0.05). However, the degree of cartilage loss
in knees with OA was related to different outcomes. The Angle 1 for knees with PTCL (n = 39) was 0.61°
on average (-2.40° at minimum, 2.77° at maximum, p = 0.035). While the mean value of Angle 1 in knees
with FTCL (n = 97) was 1.05° (-2.61° at minimum, 3.04° at maximum, p = 0.035). With a p value of 0.035,
we have con�dence to say that the deviation angle between AA and oAA was signi�cantly larger in knees
with FTCL when compared against PTCL knees. That’s to say, the degree of cartilage loss in knees was
associated with deviation of alignment. FTCL was identi�ed only when “bone to bone ” abrasion was
observed in the radiographs of medial compartment of knee[21]. In knees with FTCL, bone defect,
deformity and dislocation appeared to a variety of degree, all of which will in�uence the accuracy of
alignment. While knees with PTCL were free of severe bone defect, with which the anatomic landmarks of
femur and pelvis were more reliable. The result reminded us that more attention must be paid when
performing UKA on knees with FTCL because of greater deviation in alignment.
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In general, a mean deviation angle of 0.91° was identi�ed between AA and oAA, the value of which could
be especially larger in knees with FTCL rather than those with PTCL. The Oxford group recommended
that the force line of femoral prosthesis should be parallel to the MA of the lower extremities[7]. However,
our study demonstrated that the IM rod in the femoral bone marrow is not completely located in the AA of
the femur in the coronal position, but closer to the medial femoral cortex. With a deviation angle of 0.91°,
ASIS may not be a reliable reference for AA of femur in UKA patients. Thus we recommended an
adjustment of at most 1.0°of varus angle of intramedullary rod to help achieve better coronal alignment.
What’s more, although the Oxford group agreed that UKA should only be performed on patients with FTCL
in medial compartment of the knee[22], an amount of surgeons performed UKA on KOA patients with
PTCL. Due to our results, the deviation between oAA and AA was especially signi�cant in FTCL patients
with a mean value of 1.05°. So we suggested orthopedic operators to assess the joint space between
femur and tibia on pre-operative radiographs carefully and �gure out the deviation angle in advance.
Necessary adjustment must be made with the direction of IM rod prudently.

Inevitably, there are some limitations in our study. First, the number of patients was restricted and only
patients with medial KOA who have underwent UKA was enrolled. Therefor, our results may only apply to
medial KOA patients, especially on making pre-operation plans of UKA. Secondly, all the participants were
Chinese. There exist varieties of anatomical differences between Chinese and other races, including
height, weight, length of the femur, femoral anterior condyle, femoral posterior condyle and tibial torsion
angle. Therefore, cautions should be applied when interpreting the results in this study. Thirdly, all the
results were obtained from measurement of the X-ray radiographs. The lack of three-dimensional images
means that the �ndings was reliable only in the coronal plane. Lastly, the entry point of the IM rod was
de�ned as the point at which the AA intersects the surface of the distal femur. In fact, the Oxford group
recommended a hole situated approximately 1 cm anterior to the insertion of the posterior cruciate
ligament and 2–3 mm lateral to the medial wall of the intercondylar notch to be used as the entry
point[7]. Therefore, the results should not be simply applied in operations without prudence.

5. Conclusion
A mean deviation angle of 0.91° was identi�ed between AA and oAA, the value of which could be larger in
knees with FTCL. ASIS may not be a reliable reference for AA of femur in UKA patients. And we
recommended a adjustment of at most 1.0°of varus angle to help achieve better coronal alignment.

Abbreviations
ASIS: anterior superior iliac spine; KOA: knee osteoarthritis; UKA: unicompartmental knee arthroplasty; IM:
intramedullary; OUKA: Oxford unicompartmental knee arthroplasty; AA: anatomical axis; oAA: operation
anatomical axis; MA: mechanical axis; AP: anteroposterior; PACS: picture archiving communication
system; SONK: spontaneous necrosis of the knee; PTCL: partial thickness cartilage loss; FTCL: full
thickness cartilage loss; ACL: anterior cruciate ligament; PFJ: patellofemoral joint; BMI: body mass index;
SD: standard deviation; NJR: national joint registry; TKA: total knee arthroplasty;
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Figure 1

MA was de�ned as the line connecting the center of the femoral head the deepest point of femoral
intercondylar notch.
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Figure 2

AA was de�ned as the line connecting the midpoint of the shaft just inferior to the level of the less
trochanter and the midpoint of the shaft 10 cm proximal to the the knee joint.
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Figure 3

oAA was de�ned as the line connecting the point of ASIS and the point where the AA intersects the
surface of distal femur.


