Effect of Surgeon Handedness on Coronal Alignment in Total Knee Arthroplasty
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Purpose: To study the effect of surgeon handedness by comparing coronal alignment in total knee arthroplasty
(TKA) between left and right sides.

Methods: This study retrospectively reviewed the medical records and knee radiographs of patients who
underwent total knee arthroplasty using conventional techniques from 2010 to 2012. There were 49 right knees
and 47 left knees in 78 patients. The knee radiographs taken before and after surgery were used to measure the
tibiofemoral angle and the coronal alignment of the femoral and tibial components. A value within the optimum
+3° was defined as “acceptable” and a value over the optimum £3° was defined as an “outlier”.

Results: The postoperative tibiofemoral angle showed outliers in 7 right TKAs and 11 left TKAs. The coronal
alignment of the femoral component showed outliers in 9 right TKAs and 7 left TKAs. The coronal alignment of
the tibial component showed outliers in 2 right TKAs and 10 left TKAs. There was a significant difference in the
outliers of coronal alignment of the tibial component between right and left TKAs.

Conclusion: Surgeon handedness affects the coronal alignment of the tibial component. There were more
outliers of the coronal alignment of the tibial component in left knees when performed by right-handed surgeons.
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Introduction

Currently, total knee arthroplasty (TKA) is
a common procedure which is increasingly
performed in Thailand. The survival and functional
outcomes of TKAs are related to the alignment™®?,
Malalignment may cause pain, a limited range of
motion, joint instability, wear of the polyethylene
liner and prosthesis loosening®*®. Numerous
general surgical literatures had documented the
effect of handedness on operative psychomotor
performance®®.  In  orthopaedic  surgery,
handedness and laterality play a larger role but few
orthopaedic literatures mention handedness and
laterality as a major factor affecting outcomes. In
2007, Mehta and Lotke® reported that right TKAs
had a better functional outcome at the 1 year follow
up than left TKAs performed by a right-handed
surgeon.

However, there has been no report
showing the effect of surgeon handedness on the
coronal alignment of TKAs. Therefore, the purpose
of this study was to evaluate the effect of surgeon
handedness by comparing coronal alignment
between right TKAs and left TKAs. We
hypothesized that right TKAs had a more optimal
coronal alignment than left TKAs when performed
by right-handed surgeons.
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Patients and methods

The medical records and the knee
radiographs of every patient treated with total knee
arthroplasty from January 2010 to December 2012
in Samutsakhon Hospital were reviewed. All
operations were performed by the same right-
handed surgeon team. Conventional intramedullary
femoral and extramedullary tibial guiding systems
were used in all cases. Exclusion criteria were
revision total knee arthroplasty, unicondylar
arthroplasty, extra-articular deformity and loss of
the medical records or the radiographs. The
parameters used included gender, age, body mass
index, operative time, complication, pre- and
postoperative tibiofemoral angle and the coronal
alignment of the femoral and tibial components. All
patient data were categorized based on the side of
procedure. This study was approved by the ethical
committee of Samutsakhon Hospital.

Surgical technique

The surgeon performed the procedure
standing on the side of the knee to be operated on.
The patient was in a supine position. The operation
was carried out through a midline incision via a
medial parapatella approach. The patients who
underwent total knee arthroplasty used cemented
mobile-bearings, PS design (e.motion® PS, B
Braun, Aesculap, Tuttlingen, Germany) under gap
technique and cemented fixed bearings, PS design
(Nexgen LPS, Zimmer, Warsaw, United States)
under measure resection technique. Conventional
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intramedullary femoral and extramedullary tibial
guiding systems were used in all cases. The
posterior cruciate ligament was sacrificed in all
cases. The femoral component was aligned to 6° of
valgus using an intramedullary guide inserted just
medial to the trochlea groove, approximately 1 cm
anterior to the femoral insertion of the posterior
cruciate ligament. A proximal tibial cut was set
perpendicular to the mechanical axis of the tibia.
All patellae were not resurfaced. All implants were
fixed with a cemented technique. Operations were
performed by 3 general orthopaedic surgeons. They
had, on average, 5 years’ experience in TKA.

Radiological measurements

The pre- and postoperative standardized
weight-bearing anteroposterior knee radiographs
were reviewed and the angles were manually
measured by a goniometer. The weight-bearing
anteroposterior knee radiograph used an 11x14 inch
film with the knee in full extention. The tube-to-
film distance was 100 cm with usual exposure
setting of 50 kV and 3.2 mA. All radiographs were
obtained with the same technique and standard
position. Before measurements were taken, all
radiographs were blinded for patient identity and
side, and then were evaluated by three individuals
who did not know about the details of this study.
The mean of each parameter were recorded and
used for evaluation in the study.

The tibiofemoral angle was formed by the
intersection of the line of the proximal shaft of the
tibia and a line through the femoral midcondylar
point and the center of the distal femoral shaft.

The coronal alignment of the femoral
component was measured as the angle between the
femoral shaft and transcondylar line of the femoral
component.

The coronal alignment of the tibial
component was measured as the angle between the
mechanical axis of the tibia and the tibial base plate

(Fig. 1).

Fig. 1 Measurement of component alignment in the
coronal plane; a, the coronal alignment of the
femoral component; B, the coronal alignment of the
tibial component

A value of parameters within the optimum
+3° was defined as “acceptable” and a value over
the optimum £3° was defined as an “outlier”.

Statistical analysis

Analysis of the data was performed using
the statistical package for social sciences (SPSS)
software, version 11.5 (SPSS Inc., Chicago,
Ilinois). The continuous variables between the two
groups were compared using an independent
sample t-test. The categorical variables between the
two groups were compared using Pearson Chi-
square and Fisher’s exact test. Statistical
significance was considered when the P-value was
< 0.05. The inter-observer reliability was analyzed
using level of agreement and a 95% limit of
agreement (Bland and Altman, 1986).

The sample size calculation was based
on an alpha error of 0.05, a beta error of 0.2, the
probability to have outlier in right TKAs was 5%
and the expected outlier in left TKAs was 25%. The
overall sample size was 38 patients per group (N =
[2(Z,+25)° P(L-P)/(P1-P2)?).

Results

There were 31 right TKAs and 29 left
TKAs and 18 bilateral TKAs of 78 patients with a
mean age of 63.1 years (ranging from 50-77 years).
The age, number of cases, body mass index,
operative time, preoperative tibiofemoral angle and
the prosthesis design of the two groups were not
statistically significant. Cemented mobile-bearings,
PS design (e.motion® PS, B Braun, Aesculap,
Tuttlingen, Germany) were used in 23 right TKAs
and 22 left TKAs. Cemented fixed bearings, PS
design (Nexgen LPS, Zimmer, Warsaw, United
states) were used in 26 right TKAs and 25 left
TKAs (Table 1).

The postoperative tibiofemoral angle,
coronal alignment of femoral component and
coronal alignment of tibial component were not
statistically different (Table 2).

As shown in table 3, the postoperative
tibiofemoral angle (optimum=186°) showed 7
outliers (14.3%) in right TKAs and 11 outliers
(23.4%) in the left TKAs group (P=0.25). The
coronal alignment of the femoral component
(optimum=96°) showed 9 outliers (18.4%) in right
TKAs and 7 outliers (14.9%) in left TKAs
(P=0.65). The coronal alignment of the tibial
component (optimum=90°) showed 2 outliers
(4.1%) in right TKAs and 10 outliers (21.3%) in
left TKAs (P=0.01). The complication rate was not
significantly different between groups (P=0.11).
There were 2 cases (4.3%) of patella tendon tear
and 1 case (2.1%) of periprosthetic fracture of the
tibia in the left TKAs.
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Table 1 Demographic data of TKA patients
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Right Left P-value
Age (years) 632x7.1 63.0£ 6.9 0.85
No. of cases (male/female) 9/40 3/44 0.12°
Body mass index 26.8+4.3 25.5%+5.0 0.16
Operative time (minutes) 108.9+20.9 108.1£25.0 0.87
Preoperative tibiofemoral angle 173.2+ 6.7 173.7+7.2 0.74
Prosthesis design (e.motion®PS/Nexgen LPS) 23/26 22/25 0.99%

%5 test (Pearson Chi-square) comparing between the categorical variables of the two groups
>y ? test (Fisher’s exact test) comparing between the categorical variables of the two groups when data in cell

have an expected count of less than 5
¢ Independent sample t- test comparing the two groups

Table 2 Coronal alignment angulation between right TKAs and left TKAs

Right Left P-value
Postoperative tibiofemoral angle 1855+ 2.3 185.2+ 3.1 0.59
Coronal alignment of femoral component 95.0+22 94.8+ 2.0 0.62
Coronal alignment of tibial component 904+ 1.5 90.4+2.8 0.92

¢ Independent sample t- test comparing the two groups

Table 3 Coronal alignment outlier between right TKAs and left TKAs

Right Left P-value
Postoperative tibiofemoral angle 7 (14.3%) 11(23.4%) 0.25%
Coronal alignment of the femoral component 9 (18.4%) 7(14.9%) 0.65%
Coronal alignment of the tibial component 2 (4.1%) 10(21.3%) 0.01°

% y’test (Pearson Chi-square) comparing between the categorical variables of the two groups
b x? test (Fisher’s exact test) comparing between the categorical variables of the two groups when data in cell
have an expected count of less than 5

Table 4 Reliability and agreement of coronal alignment angulation.

Variables Intraclass Standard error Difference 95% Limits of
correlation Average Standard agreement
coefficient deviation

Preoperative tibiofemoral

angle

- Observer Avs B 0.97 0.01 -0.81 1.49 -3.73,2.11
- Observer AvsC 0.95 0.01 -1.28 2.01 -5.22, 2.66
Postoperative tibiofemoral
angle
- Observer Avs B 0.84 0.03 -1.35 1.33 -3.96, 1.25
- Observer AvsC 0.41 0.05 -3.33 2.33 -7.89, 1.23

Coronal alignment of the
femoral component
- Observer Avs B 0.88 0.02 -0.51 0.99 -2.45,1.44
- Observer Avs C 0.56 0.056 -1.65 1.75 -5.07, 1.77
Coronal alignment of the
tibial component
- Observer Avs B 0.84 0.03 -0.82 1.01 -2.81,1.16
- Observer AvsC 0.61 0.05 -1.67 1.58 -4.77,1.43
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The results of the inter-observer reliability
of measurement using level of agreement and a
95% limit of agreement were moderate to high
reliability and agreement (Table 4).

Discussion

The surgical performance and outcomes
had been affected by three factors (kinematic
restriction, reduced tactile feedback and increased
perceptual processing consequent on operating from
a direct image of the operating field)®. Mehta and
colleagues® offer the laterality of the operative site
with respect to the surgeon handedness as a fourth
factor. Handedness is a tendency to use one hand
rather than the other and laterality is the preference
of using one side of the body over the other. There
were numerous studies in general surgery
documenting the effect of handedness as an
independent factor affecting surgical techniques and
outcomes®®. Adusumilli et al."” examined left-
handed surgeons and reported that 3% of left-
handed surgeons had received specific mentoring,
10% of medical schools have laterality training
programs and 13% provide left handed instruments.
Handedness and laterality not only affected left-
handed surgeons but also right-handed surgeons.
Surgeons may prefer to perform an operation on
one side over the other because they feel more
comfortable and it is easier to perform the
operation.

There are few reports in orthopaedic
surgery that mentioned handedness and laterality
although they played a significant role. Maloney et
al.™Y reported that left side sliding hip screws in the
fractured neck of the femur had more technical
failures than right side sliding hip screws when
performed by right handed surgeons. Mehta and
Lotke® reported that right TKAs had better
functional outcomes at a 1 year follow up than left
TKAs performed by a right-handed surgeon
standing on the side of the operative procedure.

The results of this study showed that the
surgeon handedness affects the coronal alignment
of TKAs. The left TKAs had significantly more
outliers of coronal alignment of the tibial
component than right TKAs when performed by
right-handed surgeons standing on the side of the
operative procedure. The reason for these
differences may be due to misvisual perception
during setting the extramedullary tibial guide and
inaccurate bone resection due to using the non-
dominant hand to perform the tibial cut. Lui and
colleagues® found that right-handed orthopaedic
surgeons do not tend to reposition themselves to
utilize their dominant hand when performing an
operation but instead use their non-dominant hand.
For example, when performing a left TKA, a right-
handed surgeon tended to use the left hand to
perform the tibial cut. The outliers of coronal
alignment of the femoral component were not

statistically different but it was more than the
outliers of coronal alignment of the tibial
component (16.7% vs 12.5%). The outliers of
coronal alignment of the right femoral component
may be caused by inaccurate bone resection due to
during the procedure the surgeons had changed
position with the assistants and used their non-
dominant hand to perform the distal femoral cut.
However, the outliers of coronal alignment of the
left femoral component may be caused by visual
misjudgment of the entry point of the
intramedullary femoral guiding system. Visual
misjudgment of the entry point may have less effect
on alignment than using a non-dominant hand to
perform the bone cut.

The outliers of coronal alignment of TKAS
arise not only from the alignment system, but also
from factors related to the surgeons and patients.
The handedness and laterality including surgical
experience may produce malalignment. In previous
studies, postoperative alignment of the limb
exceeded a range of +3° in up to 30% of cases***®).
In this study, the overall outliers of the
postoperative tibiofemoral angle were 18.8%. These
findings agree with those of Petersen and Engh®®
and Mahaluxmivala et al.™ that showed 26% and
25% outliers of postoperative tibiofemoral angle,
respectively. In a recent meta-analysis of 29 studies
comparing computer navigation to conventional
instrument TKA, 31.8% of conventional TKA had
more than 3° of varus and valgus alignment®®. The
overall outliers of coronal alignment of the femoral
component were 16.7% and the overall outliers of
coronal alignment of the tibial component were
12.5%. Similar results were reported by Kim et
al."” in 520 TKAs. They found 10% of outliers of
coronal alignment of the femoral component and
15% of outliers of coronal alignment of the tibial
component. Although the surgeons in this study
had, on average, 5 years’ experience in TKA, there
is no difference in the results of overall coronal
alignment outliers of TKA between this study and
previous studies from specialist centers®34*",

In the present data, all complications were
found in the left TKAs including patella tendon tear
and periprosthetic fracture. These complications
may be caused by some difficulties in the approach
of left TKAs by the right-handed surgeon standing
on the left side.

Long-leg weight-bearing radiographs have
been the gold standard for assessing overall limb
alignment but they are not routinely used due to the
added cost and difficult techniques. A previous
study had shown the correlation between
anatomical and mechanical axes. There is no
significant difference between measurements from
standard knee and hip to ankle radiographs®.
Although  the inter-observer reliability of
measurement in this study was moderate to high
reliability and agreement, there may be some errors
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of measurement caused by misidentification of the
landmarks or misinterpretation of the goniometer.
These errors can be reduced by using modern
digital radiographs and measuring by computerized
analysis tools.

To avoid the potential problems when
operating on the non-dominant side, orthopaedic
surgeons should have non-dominant hand training,
familiarity with surgical technique and prosthesis,
adjust one’s body position during surgery and
special precautions when handling soft tissue or
making a bone cut®. Now computer assisted
surgery has a significant role in orthopaedic
surgery. It may decrease technical errors that come
from the effects of handedness and laterality

This study has some limitations. It is a
retrospective study, with a small sample size, and
lack of clinical data to correlate with handedness.
Further study designs evaluating the effect of
surgeon handedness should use large sample sizes
including outcomes from left-handed surgeons and
a prospective study with clinical results.

Conclusion

There were more outlying results of the
coronal alignment of the tibial component of left
TKAs when performed by right-handed surgeons.
Surgeon handedness does have an effect on coronal
alignment of TKAs. Surgeons should concern about
the effect of handedness and laterality to prevent
unexpected results when performing on their non-
dominant side. The results from this study could be
useful for preventing coronal malalignment in
TKAs which are related to the survival outcome
and functional outcome.
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