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Abstract
Background: Component alignment is one of the most important factors for long term survival after
total knee arthroplasty. The medial parapatellar and subvastus are two commonly used surgical
approaches in total knee arthroplasty.
Methods: The primary aim of this study was to compare component alignment between medial
parapatellar and subvastus approach in total knee arthroplasty. The secondary aims were to analyse blood
loss, duration of surgery, pain score in post-operative period, length of stay and post-operative
complications. A retrospective study was undertaken comparing age and gender matched 60 total knee
arthroplasty operated by either medial para patellar (30) or sub vastus approach (30) from January 2009
to December 2010 by two surgeons in a district general hospital, followed up to one year. Revision knee
arthroplasty and total knee arthroplasty operated by other surgeons were excluded.
Student’s t test and Z test were used for statistics.
Results: Subvastus approach had better component alignment in sagittal plane of tibia, coronal plane of
femur and tibia (p<0.01). No difference in component alignment at sagittal plane of femur (p>0.05).
Pain was better controlled in subvastus approach on post-operative day three (p<0.01). Operative time
was more in subvastus group (p<0.05). There were no difference between two groups in duration of stay,
blood loss and post-operative complications (p>0.05).
Conclusion: Subvastus can be considered as an alternative surgical approach along with standard medial
parapatellar approach for primary total knee arthroplasty.
Keywords: Medial parapatellar, subvastus, total, knee, arthroplasty

1. Introduction
Total knee arthroplasty is an effective treatment for advanced knee arthritis providing
significant pain relief and improved joint function [1].
The success of total knee arthroplasty is dependent on many factors. Among all factors,
component alignment is one of the most important factors for long term implant survival [2, 3].
The Swedish knee arthroplasty registry noted that aseptic loosening and instability in
components were the two most common indications for revision in total knee arthroplasty [4].
The most common surgical approach for total knee arthroplasty is medial para patellar
approach which is used as a standard approach in majority of knee joint replacement. [5, 6]. It
has the advantage of good joint exposure but also has drawbacks of impairing the extensor
mechanism of knee joint and interfering with the vascular supply of patella. This results in
complications, like patellar fracture, subluxation and avascular necrosis of patella. [5, 6, 7]
To overcome this disadvantage, Subvastus approach was re-introduced to the English speaking
countries by Hoffman in 1991 [8]. The advantages of this approach are that it’s a quadriceps
sparing procedure resulting in better postoperative knee range of movements and less
impairment of vascular supply to patella. However the disadvantages were technical difficulty
in exposure and eversion of patella. As it requires more technical skills, its popularity over
medial para patellar approach was limited [9].
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was treated with paracetamol and non-steroidal antiinflammatory drugs, weak opioids like codeine were used for
moderate pain and stronger opioids like morphine were
administered for severe pain. Three further doses of
intravenous antibiotics were given post operatively in both
groups. Thrombo prophylaxis was carried out for 15 days
postoperatively using subcutaneous low molecular weight
heparin injections. All the patients received the same postoperative rehabilitation protocol. They were mobilised on
post-operative day one with full weight bearing protocol by
assistance from the physiotherapist using the walking frame.

2. Material and methods
This study included sixty total knee arthroplasties which were
performed at a district general hospital in North Wales for
advanced osteoarthritis from 2009 to 2010. There were 30
knees in each group. They were selected randomly from
theatre operating list operated by two different specific
orthopaedic surgeons either by subvastus or medial para
patellar approach. Both surgeons had more than ten years of
experience in total knee arthroplasty.
Rheumatoid arthritis patients, Total knee arthroplasty
operated by other surgeons, Unicondylar knee replacement,
constrained prosthesis and conversion of high tibial
osteotomy to total knee replacement were excluded from the
study.
Patients were admitted to the elective orthopaedic ward after
having total knee arthroplasty. Both groups of patients had
pre-operative administration of intravenous antibiotic
Ceftriaxone 1.5 grams at the time of induction of anaesthesia,
followed by three doses post operatively. Intravenous
Tranexamic acid 1 gram was given in both approaches at the
time of induction.
All cases were operated in Laminar flow theatre. Bear hugger
and mechanical leg pumps were used during intraoperative
period for both group of patients. Tourniquet was used for all
the patients inflated at time of incision and deflated after the
application of compression dressing. Both the subvastus and
medial parapatellar approach used advanced medial pivot
knee system (Microport orthopaedic Inc, Arlington,
Tennessee).
Both groups had similar pain management protocol. Mild pain

3. Radiological assessment
Femur and tibia coronal alignment was evaluated by short
antero posterior radiographs in weight bearing position with
knee extended and patella pointing straight forward. In the
lateral view knee was in extension with beam directed
laterally and perpendicular to the knee joint. This method of
imaging was followed for post-operative total knee
arthroplasty radiographs.
4. Coronal alignment of tibia and femur component
The angle between anatomical axis of the femur and a line
tangential to the distal condyles of the femoral component
determines femoral varus or valgus alignment. Whereas,
angle between the anatomical axis of the tibia and a line
tangential to the plateau of the tibial component measures
varus or valgus alignment of tibia. Tibial component should
be placed in neutral alignment, which was 90 degrees [10].

Fig 1: Measurement of coronal alignment of tibia and femur components

femoral component in flexion. The acceptable range of
alignment was considered as 90 degrees +/- 3 degrees Tibial
component alignment or tibial slope (TS) was measured as the
angle between the line across the bottom of the tibial plate
and the tibial shaft axis. TS of 90 degrees correspond to
neutral placement, TS of more than 90 degrees corresponds to
anterior tibial slope, whereas less than 90 corresponds to
posterior tibial slope. (Fig 2)

4.1 Sagittal alignment of tibia and femur component
The sagittal alignment of femur can be either in flexion or
extension. Flexion of the femoral component was measured as
the angle between the line across the bottom of the femoral
implant and the femoral shaft axis. FF (flexion of femoral
component) of 90 degrees corresponds to neutral placement,
if it was more than 90 degrees corresponds to femoral
component in extension, and if less than 90 corresponds to
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Pain scores were collected from patient daily observation
chart at 8 AM; on post-operative day one and three using the
visual analogue score (VAS). The scores ranged from 0 to
100. Score of 0 indicated least pain and 100 for the worst pain
perceived. VAS was measured by asking the patient to mark a
line on the VAS chart. Using this chart the score was
determined by measuring the distance in millimetres on a ten
centimetre line between no pain (0) and worst pain (100) as it
is one of reliable assessment for accuracy of pain assessment
[12]
.
Duration of surgery was calculated as time interval between
inflation of tourniquet (at the time of surgical incision) to
deflation of tourniquet. Duration of stay was time interval
from date of surgery to date of discharge from hospital. Data
regarding complications was collected by reviewing case
notes, operative notes and clinic follow up notes.
5. Statistics
IBM SPSS (Statistical Package for the Social Sciences)
software version 20 was used for interpretation of the results.
Further analysis and application of statistical test was based
on the type of data and the question to be answered. The value
to cater type 1 error was set at 0.05, so that any result with p
value equal or less than 0.05 was considered as significant. In
our study we used Z test and t test for the analysis of
continuous variables.

Fig 2: Measurement of sagittal alignment of tibia and femur
components.

Blood loss was calculated from the pre-operative
haemoglobin and post-operative check of haemoglobin twenty
fours after procedure and also by looking into number of
blood transfusions in each patient after surgery. According to
local hospital guidelines, blood transfusion was done if
haemoglobin level was less than 7mg/dl (milligrams/decilitre)
postoperatively or presence of signs and symptoms of cardiac
insufficiency.

6. Results
6.1 Basic demographics

Table 1: Basic demographics
Surgical approach
Subvastus
Medial parapatellar

Age
67.9
65.4

Sex
female
63.3 %
66.7%

male
37.6%
33.3%

Limb side
Right
Left
56.6 %
43.3%
53.3%
47.3%

6.2 Component alignment
Subvastus approach had better component alignment in sagittal plane of tibia, coronal plane of femur and tibia.
Table 2: Component alignment

Coronal femur
Coronal Tibia
Sagittal Femur
Sagittal Tibia
Tibio Femoral axis

Subvastus(n=30)
Mean
SD+/- error
91.83
4.77+/-0.8
90.57
3.54+/-0.64
85.67
6.3+/-1.16
88.43
3.3+/-0.60
5.80
2.57+/-0.47

Medial para patellar (n=30)
Mean
SD+/- error
89.93
4.02 +/- 0.74
88.48
2.53 +/- 0.47
81.93
2.53 +/- 0.47
85.93
3.116 +/- 0.57
4.17
1.80 +/- 0.32

P value
>0.5
< 0.01
< 0.01
< 0.01
0.003

femur in sagittal plane for 30 knees in subvastus group
revealed the mean angle to be 85.67 degrees (range 76 to 102
degrees). The medial parapatellar group had a mean of 81.93
degrees (range 76-88). The ideal femoral component
positioning in sagittal plane was considered to be 83 degrees
of flexion to 90 degrees of neutral alignment [11].
The sagittal alignment of tibia was posterior tibial slope of
88.43 degrees (range 79-93). Whereas, in medial para patellar
it was 85.93 degrees (range 80-94). It was better in subvastus
group (p<0.01). The accepted range of tibial component
placement in sagittal plane is between 83 to 90 degrees [11].

6.3 Coronal alignment
The coronal alignment of tibia was significantly better in
subvastus group when compared to medial parapatellar (p
<0.01). However, there was no statistical significant
difference in coronal alignment of femur, between the two
approaches (p>0.05). In both groups the coronal alignment
was in expected range of 90 +/- 3 degrees.
Coronal tibial component alignment in subvastus group was
mean 90.57 degrees (range 86 to 103 degrees) and in medial
parapatellar group it was 88.48 degrees (range 82 to 94
degrees). The femoral component mean was 91.83 (80 to 105
degrees) in subvastus and 89.9 degrees in other group (81 to
96 degrees).

7. Clinical outcomes
7.1 Blood loss
There was no statistical significant difference between the two
groups in terms of blood loss and blood transfusions (p>0.05).
It was measured by drop in the haemoglobin calculated in

6.4 Sagittal alignment
Both femur and tibial alignment in sagittal plane were better
in subvastus group (p<0.01).The component alignment of the
~ 42 ~
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gm/dl (grams per decilitre) from preoperative period to twenty
four hours post-operatively. Mean drop in the haemoglobin in
subvastus group was 3.53 gm/dl. Range was from 1.6 gm/dl
to 5.7 gm/dl (SD: 1.08). Whereas, mean drop in haemoglobin
in patients operated by standard approach was 3.15 gm/dl
(SD: 1.009).

patients had score of 0. Whereas in subvastus approach 56.7
percent had score of 0 on day 1 but the mean score was 1.5
and 1.7 respectively. There was no statistical significant
difference between two groups with respect to pain on day 1.
On day 3, in the subvastus group 33 percent of patients
experienced pain score of 0 and only 13.3 percent had a score
of 0 in patients operated by medial parapatellar approach.
Mean pain score was 2.5 and 3.4 in subvastus and medial para
patellar group respectively. Pain score on day 3 was
significantly less in subvastus group when compared to
medial para patellar group (p value <0.01).

7.2 Operative time
There was statistical significant difference between two
groups in the operative time (p<0.05). Subvastus had more
operative time with mean duration of surgery of 91.60
minutes, (range 56 – 135) whereas; the mean operative time
was 71.7 minutes (range 40 – 127) in medial para patellar
approach.

7.4 Duration of stay in hospital
Although Subvastus group (6.67 days) had shorter duration of
stay in the hospital (range of 3- 11 days) than medial
parapatellar group (8.03 days) (range of 4 to 14 days). There
was no statistical significant difference between two groups in
terms of duration of stay (p>0.05).

7.3 Pain score
Pain was less in subvastus approach group. Post operatively
pain was measured on day 1 and day 3 using visual analogue
score. On day 1 in the medial parapatellar group 40 percent of

Table 3: Clinical outcomes

Haemoglobin(Hb) difference (pre op –post op) in (gm/dl)
Blood transfusion
Operative time (Minutes )
Length of stay (Days)
Pain score on Day 1
Pain score on day 3

Subvastus(n=30) Mean
(SD +/- error)
3.53 (1.08+/-0.19)
6
91.60 (22.17+/-4.0)
6.67 (1.68+/-0.38)
1.5 (2.16+/-0.39)
2.03 (1.903+/-0.34)

7.5 Post-operative complications
The post-operative complications were studied at the end of
one year follow up. The complications were divided into
major and minor. Patients requiring admission into the
hospital and operative interventions were considered as major
complications and the patients who were treated on outpatient
basis were considered as minor complications.

Medial parapatellar (n=30)
Z
P
Mean (SD +/- error)
score value
3.15 (1.009 +/- 0.18
1.42 >0.5
7
1.85 >0.5
71.17 (19.66+/- 3.5)
3.78 0.001
8.03 (3.46+/-0.63)
1.94 0.058
1.7 (1.8+/-0.33)
0.68 >0.5
3.4 (2.4+/- 0.45)
2.2
0.01

7.7 Minor complications
The patients who were managed as an outpatient without
admission into hospital for all the complications were
considered as minor complications. There was no statistical
significant difference between two groups (p>0.05). In medial
parapatellar group one patient had stitch abscess, two had
cellulitis around knee and one patient had stiffness of knee
which required physiotherapy. In subvastus group three
patients had superficial wound infection and three developed
blisters around operated knee joint.

7.6 Major complications
There was no statistical significant difference in
complications between two groups (p>0.05). At the end of
one year follow up each group had one revision knee surgery.
One patient in subvastus had open reduction and internal
fixation with locking compression plate for peri prosthetic
fracture of the tibia. Four patients in medial parapatellar group
had reoperation for insertion of patella button. Both medial
parapatellar and subvastus had one patient who underwent
manipulation under anaesthesia of knee for stiffness

Table 4: Minor complications
Minor complication
Subvastus Medial parapatellar
Stitch abscess
0
1
Cellulitis around knee
0
2
Superficial wound infection
3
0
Blisters around knee
3
0
Physiotherapy for stiffness of knee
0
1

Table 5: Major Complications
Major complications
MUA of knee for stiffness
ORIF of Tibia for peri prosthetic fracture
Insertion of patella button
Revision knee surgery

Subvastus
1
1
0
1

Medial para patellar
1
0
4
1

al. [18] and Dutka, et al. [19] found no difference in the
component alignment between subvastus and medial
parpatellar approaches.
The acceptable range for tibia component alignment in
coronal plane is 88 to 92 degrees to get better results and
longer survival of the implant [20, 21, 22]. Mal alignment of the
tibial component alters the distribution of tibial loading,
which may result in increased shear forces along the tibio
femoral interface, leading to increased wear. Tibial mal

8. Discussion
In this study, it was found that the subvastus approach had
better component alignment in sagittal plane of tibia, coronal
plane of femur and tibia and the tibio femoral anatomical axis.
No significant difference was found in joint line measurement
between the two groups. These results are contrary to results
found by Chen, et al. [13], Pan, et al. [14] and Lai, et al. [15] who
found component alignment was inferior in subvastus
approach. But Weinhardt, et al. [16], Hart, et al. [17] Young, et
~ 43 ~
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alignment of more than 3 degrees of varus will increase the
risk of medial bone collapse (Berend et al. [23]. The coronal
alignment of femur and tibia in this study were within normal
acceptable range in both the groups. It was 90.57 degrees in
subvastus and 88.48 in medial parapatellar group.
The component alignment of femur in coronal plane was
within acceptable range in both the approaches in our study.
The acceptable range is 4 to 11 degrees of valgus with
optimal of 7 degrees [24, 25]. The ideal femoral component
positioning in sagittal plane is 83 degrees of flexion to 90
degrees of neutral alignment to improve the survival rate and
functional outcome following total knee arthroplasty.
Whereas, the accepted range of tibial component placement in
sagittal plane is posterior tibial slope between 0 to 7 degrees,
as placement of the tibial component beyond this range may
lead to instability. If there was excessive posterior tibial slope
it could lead to flexion gap tightness and reduced
postoperative flexion if there was relative anterior tibial slope
[11]
. In this study the sagittal alignment of tibia and femur was
better in subvastus approach. There were no significant
difference between two groups in terms of blood loss and
blood transfusions (p>0.05). This was similar to findings of
meta-analysis by Teng, et al. [27] and in randomised controlled
studies by Weinhardt, et al. [16], Bridgman, et al. [28], and
Bourke, et al. [29]. Whereas Roysam and Okaley [9] and Chen,
et al. [13] in their study found that there was less blood loss
and shorter tourniquet time in the subvastus group. In this
study blood loss was measured as difference in preoperative
haemoglobin and post-operative haemoglobin. It is a better
method of measure of blood loss than quantifying methods of
blood loss estimation, as our method of blood loss
measurement was not subjected to observer error. The other
methods of estimating blood loss like counting number of
swabs used, drain collection does not include hidden blood
loss [30].
Duration of surgery was significantly higher in subvastus
group when compared to medial parapatellar approach (p
value < 0.01). The other studies with similar results were by
Bridgman, et al. [28], Bourke, et al. [29] and Lai, et al. [15].
However Teng, et al. [27] in their meta-analysis and
Weinhardt, et al. [16] in their randomised controlled study
found no difference between two groups in terms of duration
of surgery. This could be explained as it takes more time to
expose the joint because of technical difficulties.
Pain score on day 3 was significantly higher in medial
parapatellar group when compared to subvastus group,
whereas on day 1 there was no significant difference between
two groups. Roysam and Oakley [9] Bridgman, et al. [28]
Dutka, et al. [19] and Tomek, et al. [31] found similar results.
But, no difference in pain was found between two groups
according to Weinhardt, et al. [16], Wouter, et al. [32] and Teng,
et al. [27] in their studies. We used visual analogue score for
measurement of severity of pain in post-operative period. The
drawback of this method was that the patient with higher
intake of analgesia could have less pain score and may lead to
bias in the results.
Patients who underwent subvastus approach had shorter stay
in the hospital for 6.67 days (range 3-11 days) compared to
8.83 days (range 4-18 days) in medial parapatellar group.
However it was not statistically significant (p > 0.05). This
was similar to results obtained by Bridgman, et al. (2008),
Bourke, et al. (2012) [8] and Teng, et al. (2012). But contrary
to results found by Chen, et al. (2006). This shorter stay could
be due to reduced pain in post-operative period and
preservation of quadriceps mechanism in subvastus group and

patients could have mobilised earlier in post-operative period.
There was no statistical significant difference in postoperative complications between two groups over one year
follow up. This was similar to studies done by Teng, et al.
(2012), Dutka, et al. (2011) [13], Roysam and Okaley, (2001),
Chen, et al. (2006) and Weinhardt, et al. (2004) [33]. But
higher rate of complications in medial parapatellar group were
found in Matsueda and Gustilo (2000) [26] study.
9. Conclusion
Subvastus can also be considered as an alternative surgical
approach along with standard medial parapatellar approach
for primary total knee arthroplasty. It offers better results in
terms of component alignment, less pain in early postoperative period without significant differences in the
complications of surgery compared to standard approach
provided the surgeon operating the subvastus approach has
adequate experience.
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