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Abstract

Background: Most orthopedists are right-handed. However, osteoarthritis
occurs with equal frequency over both sides. Does perfect and effective arth-
roplasty surgery require ambidextrous motor skills? Objectives: In this study,
we aimed to investigate the clinical features of arthroplasty for hip and knee
joints (THR and TKR) on different sides affected by orthopedist laterality. Pa-
tients and Methods: All right-handed orthopedists performed 64 right and 52
left primary THR among 100 patients, and 115 right and 118 left primary TKR
among 192 patients. Clinical and surgical features were retrospectively re-
viewed and analyzed. The body mass index (BMI), inner diameter of acetabu-
lar cup liners (ACD), diameter of the femoral head (FHD), diameter of the
femoral stem (FSD), and the femoral neck length (FNL) were included in
THR-receiving patients. The BMI, femoral component (FC) size, tibial plate
(TP) size, and thickness of articular surface inserts (ASI) were included in
TKR-receiving patients. Results: No significant differences were observed in
ACD, FHD and FSD between patients receiving right and left THR groups (p
= 0.16, 0.11, and 0.05, respectively). Similarly, there were no significant dif-
ferences in FC, TP, and ASI between patients receiving right and left TKR
groups (p = 0.06, 0.80, and 0.46, respectively). However, FNL in left THR
group was significantly longer than that in right THR group (p = 0.01). Con-
clusion: This study showed that dexterity or proprioception in handedness
had no affect on bone resection and thicknesses of the polyethylene in TKR
and acetabular reaming and femoral canal rasping in THR. However, it did
lead to differences in femoral neck resection. Right-handed orthopedists sig-
nificantly tend to perform excessive femoral neck cutting or prefer the larger
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size of FNL when performing left side THR, while no differences occur when
performing TKR.
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1. Introduction

Most people and surgeons are right-handed. Handedness has been reported to
play a major role in surgical outcomes [1] [2] [3] [4]. Medical students discor-
dant with their hand dominance may have inferior acquisition of basic surgical
skills [5]. Both hands may result in similar efficiency to perform endotracheal
intubation by an experienced anesthesiologist using advanced instruments [6].
However, handedness appears to have an influence over the performance in high
surgical skills due to absence of comfort and ergonomy, such as laparoscopic
cholecystectomy, dental therapy [7] [8]. Poor insertion of the sliding hip screw
and pedicle screws is more commonly found on the left side when the surgeon is
right-handed [9] [10]. Osteoarthritis occurs equally on both sides, but laterality
of surgeons might influence the clinical features of orthopedic surgery. In addi-
tion, handedness has been reported to play a major role in outcomes of total
knee replacement (TKR) by right-handed orthopedic surgeons with a signifi-
cantly better function and pain scores for right knees than for left knees one year
after surgery [11].

Arthroplasty in orthopedic surgery is a highly technically demanding proce-
dure, especially due to the symmetrical disposition of the anatomy and the po-
tential complications of discrepancies in the leg length after surgery. However,
whether objective and quantitative laterality-based differences occur with
right-handed surgeons is unclear.

Is there a statistically significant difference between the two sides for the or-
thopedic surgery with better performance when the surgical laterality was lo-
cated in the dominant hand? Therefore, the aim of this study was to evaluate the
outcomes between right and left total hip/knee replacements (THR/TKR) by
right-handed orthopedic surgeons.

2. Methods

Due to funding, manpower and administration, we retrospectively reviewed the
medical records at Min-Sheng General Hospital over a 7-year period from Janu-
ary 2004 to June 2011. So there were 212 patients underwent primary THR for
osteoarthritis of the hip or femoral head necrosis, and 312 patients underwent
primary TKR for osteoarthritis of the knee. The Institutional Review Board of
Min-Sheng General Hospital approved this retrospectively investigational study
(No. 2012005 and No. 2012006) on Aug. 15" 2012 and Aug. 27%, 2012.
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The exclusion criteria in the THR groups were revision, incompletely record-
ed data, and a primary diagnosis of bone tumor or infection. After screening,
100 patients received 116 THR (Versys Hip System, Zimmer Inc., Warsaw, IN,
USA) were included in the current study. During the study period, all THR pro-
cedures were performed by 18 right-handed orthopedists. The exclusion criteria
in TKR groups similarly comprised of revision, incompletely recorded data, and
a primary diagnosis of bone tumor or infection. A total of 192 patients who met
the criteria were identified, receiving 233 TKR using the NexGen® Legacy Post-
erior-Stabilized Flex system (Zimmer Inc., Warsaw, IN, USA). During the study
period, all TKR procedures were performed by 16 right-handed orthopedists.

The inner diameter of acetabular cup liners (ACD), diameter of the femoral
head (FHD), diameter of the femoral stem (FSD), and the femoral neck length
(FNL) of the implanted THR were collected from medical records in THR
groups. The size of the femoral component (FC), size of the tibial plate (TP) and
thickness of articular surface inserts (ASI) of the implanted TKR were collected
from medical records in TKR groups. The body mass index (BMI) of the patients
was also calculated using body weight and height. The correlation between BMI,
and ACD, FHD, FSD, FNL in THR group and between BMI and FC, TP, ASI in
TKR group were analyzed with regards to laterality.

The data were evaluated using the chi-square test for gender and the t test for
age and size of the prostheses. The level of statistical significance was set at p <
0.05.

3. Results

The characteristics of the patients are presented in Table 1 and Table 2. Twenty
women and 44 men received right THR with an average age of 54.1 years and a
BMI of 24.4 kg/m’. Twelve women and 40 men received left THR with an aver-
age age of 55.1 years and a BMI of 24.7 kg/m’. There were no significant differ-
ences in gender, age and BMI between the two groups (p = 0.33, 0.37, and 0.35,
respectively).

Eighty-four women and 31 men received right TKR with an average age of
67.2 years and a BMI of 28.5 kg/m”. Eighty-one women and 37 men received left
TKR with an average age of 69.7 years and a BMI of 28.0 kg/m’. There were no
significant differences in gender, age and BMI between the two groups (p = 0.47,
0.07, and 0.44, respectively).

Table 1. The patient characteristics in the THR group.

Gender Age (years BMI

(Female/Male) old) (kg/m?) ACD (mm) FHD (mm) FSD (mm) FNL (mm)

Right 20/44 541+158 244+39 534+31 298+58 124+1.6 0.08+2.49
Left 12/40 55.1+15.8 247+35 540%+29 283+25 128*15 1.21%2.90
PValue 0.33* 0.377 0.35" 0.16" 0.117 0.05" 0.017

*The chi-square tests. "The t test.
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Table 2. The patient characteristics in the TKR group.

(Feri:lt ;lli/i‘ale) Age (years old) BMI (kg/m*)  FC (mm?) TP (mm?) ASI (mm)

Right 84/31 67.2+9.5 28.5+4.8 3760.8 +£384.1 2964.2 £318.5 11.0x1.6

Left 81/37 69.7 £ 8.5 28.0+4.5 3890.2 +£384.1 29749 +316.4 10.8%1.5
PValue 0.47* 0.077 0.44" 0.06" 0.80" 0.46"

*The chi-square tests. "The t test.

In regard to the prostheses, no significant differences were observed in ACD,
FHD and FSD between patients receiving right and left THR groups (p = 0.16,
0.11, and 0.05, respectively). Similarly, there were no significant differences in
FC, TP, and ASI between patients receiving right and left TKR groups (p = 0.06,
0.80, and 0.46, respectively). However, the average FNL was 0.08 mm in right
THR group and 1.21 mm in left THR group. The FNL was significantly longer in
the left THR group than in right THR group (p = 0.01), however the correlation
coefficient between BMI and FNL was weak (r = 0.03).

The average ACD was 53.4 mm in right THR group and 54.0 mm in left THR
group. The average FHD was 29.8 mm in right THR group and 28.3 mm in left
THR group. The average FSD was 12.4 mm in right THR group and 12.8 mm in
left THR group. The correlation coefficients between BMI and ACD, FHD and
FSD were all weak (r = —0.14, —0.12, and —0.12, respectively).

The cross-sectional area of the femoral component ranged from size C to F is
approximate calculation by its length and width, 3270 mm? in size C, 3756.8
mm’ in size D, 4250 mm’ in size E, and 4788 mm” in size F. The cross-sectional
area of the tibial plate ranged from size 2 to 6, with 2542 mm?’ in size 2, 2772
mm” in size 3, 3036 mm” in size 4, 3404 mm?” in size 5, and 3700 mm? in size 6.

The average cross-sectional area of FC was 3760.8 mm” in right TKR group
and 3890.2 mm” in left TKR group. The average cross-sectional area of TP was
2964.2 mm?” in right TKR group and 2974.9 mm” in left TKR group. The average
thickness of ASI was 11.0 mm in right TKR group and 10.8 mm in left TKR
group. The correlation coefficients between BMI and FC, BMI and TP, BMI and
ASI were all weak (r = 0.05, —0.02, and 0.02, respectively).

4. Discussion

The body size of our patients generally was not particularly obese compared to
other studies [12] [13]. In addition to, there was no significant difference in BMI
between the right and left TKR groups. Several studies have shown that obesity is
a risk factor for more intraoperative difficulties and more surgical complications
[14] [15], whereas others have shown no differences in the overall complication
rates or implant survival [16] [17]. Whether a high BMI results in an increased
rate of post-operative prosthetic complications following THR is controversial
[18] [19]. The correlation between BMI and THR or TKR prosthesis size was low
in this study.
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A proper femoral neck cut to restore anatomic parameters during THR sur-
gery may be influenced by many factors. It is important that the sure of the cut-
ting angle was inclined by 45° to the centerline of the femur in the meanwhile
[20]. A standard FNL size of 0 mm in Zimmer THR prostheses for the appropri-
ate choice of femoral neck resection levels is recommended to be 15 mm above
the lesser trochanter. All of the orthopedic surgeons have received thorough or-
thopedic training and were supposed to give full attention to achieve the optimal
size of the femoral neck cut and femoral stem positioning.

The femoral cut depends on the surgeon’s preference, and can involve soft
tissue balance, and initial acetabular condition or leg length discrepancy. The
average FNL in the left THR group (1.21 mm) was significantly longer than that
in the right THR group (0.08 mm) except for differences between the stated FNL
and the actual length of the implants supplied by the manufacturers. The corre-
lation coefficients between BMI and FNL, ACD, FHD and FSD were all weak, so
the patient’s body size may not affect the decision making with regards to fe-
moral neck cutting level or other THR procedures. In contrast, laterality-based
differences with the non-dominant side should remind right-handed orthopedic
surgeons not to perform excessive femoral cutting during left THR.

There are several major bone cuts in a TKR under the use of customized jigs
to enable a more stable fixation of the cutting blocks and minimize cutting er-
rors [21] [22]. The accuracy of proximal tibia resections can be affected by ana-
tomic variations [23]. There were no significant differences in BMI between the
two TKR groups, so there may be a less mass effect in the extremities for prox-
imal tibia cutting. There seemed to be minimal differences in tibial resection and
femoral cutting between the two groups as there were no significant differences
in the cross-sectional areas of FC and TP (p = 0.06 and 0.80, respectively).
Therefore, the right-handed orthopedic surgeons performed precisely the bony
procedures of tibial resection and femoral cutting between right and left TKR
groups in our study.

Except for adequate bone resection, choosing the optimal minimal insert
thickness of the polyethylene for soft-tissue balance to achieve compromise
during TKR procedures is every orthopedic surgeon’s mission [24] [25]. The av-
erage thickness of ASI was not significantly different between the two groups (p
= 0.46), and the correlation coefficient between BMI and ASI was also weak (r =
—0.02). Therefore, the right-handed orthopedic surgeons successfully performed
TKR procedures to achieve bone resection, soft-tissue balance and thicknesses of
the polyethylene between the two groups.

All THR and TKR procedures in this study were performed by right-handed
surgeons, which may have biased the surgical outcomes. When the right-handed
orthopedic surgeon stands behind the patient to perform right THR, the devia-
tion angle between the axis of the surgeon’s right forearm and the line of pa-
tient’s right femoral neck osteotomy projected onto the horizontal plane is
usually parallel or mild deviated (Figure 1). However, in left THR procedures,

the deviation angle is approximate perpendicular (Figure 2). A clearer and
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(a) (b)

Figure 1. The schematic diagram of the deviation angle (a) during right THR procedures.
The deviation angle is between the projected axis of the surgeon’s right forearm (the red
dotted line A) and the projected line of femoral neck osteotomy (the green dotted line B)
on the horizontal plane (the green rectangle) under the posterolateral approach (a) or the
anterolateral approach (b). The line A is obviously closer to the line B and far from away
the line C (the axis of femoral head center to neck projected onto the green rectangle).

(a)

Figure 2. The schematic diagram of the deviation angle (f) during left THR procedures.
The deviation angle is between the axis of the surgeon’s right forearm (the red dotted line
A) and the line of femoral neck osteotomy (the green dotted line B) projected onto the
horizontal plane (the green rectangle) under the posterolateral approach (a) or the ante-
rolateral approach (b). The line A is between the line B and the line C (the axis of femoral
head center to neck projected onto the green rectangle).

better view of being going to be preserved femoral shaft and basal femoral neck
during right-handed surgeon performing right THR lead to more cautious fe-
moral neck cutting or more precise size of FNL chosen compared to left THR.
Left-sided THR is technically more difficult for a right-handed surgeon due to
anatomical reasons, which may lead to right-handed orthopedic surgeons per-
forming excessive femoral cutting or preferring the larger size of FNL.

The axis of the surgeon’s right forearm is somewhat more deviated to the pa-

tient’s tibial axial projected onto the plane of tibial osteotomy surface in the left
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TKR group compared to that in the right TKR group (Figure 3 and Figure 4).
The projected errors in the mechanical axes of the femur and tibia due to errors
during TKR procedures are unlikely to bear clinical significance [26]. In addi-
tion, good exposure and a clear view of the distal femur and proximal tibia in
both sides of TKR result in fewer resection errors. Left-sided TKR is technically
no more difficult for a right-handed surgeon even with anatomic barriers, as
evidenced by there being no significant differences in the size of TKR compo-

nents in FC, TP and ASI between the two groups.

Figure 3. The schematic diagram of the deviation angle (a) during right TKR procedures.
The deviation angle is between the projected axis of the surgeon’s right forearm (the red
dotted line A) and the projected axis of the patient’s right tibia (the green dotted line B)
on the tibial osteotomy plane (the green rectangle). The line A is between the line B and
the line C (the perpendicular line to the line B on the green rectangle) and is often close
to the line B.

Figure 4. The schematic diagram of the deviation angle () during left TKR procedures.
The deviation angle is between the projected axis of the surgeon’s right forearm (the red
dotted line A) and the projected axis of the patient’s left tibia (the green dotted line B) on
the tibial osteotomy plane (the green rectangle). The line A is between the line B and the
line C (the perpendicular line to the line B on the green rectangle) and is not particular
close to the line B or line C.
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There are several limitations to this study. First, it is retrospective in design.
Second, our findings do not explain the detailed mechanism accounting for a
longer FNL or excess femoral neck resection on the left side. Third, this study
does not compare patients who received anterolateral or posterolateral ap-
proaches for THR procedures. Finally, this study did not gather data of patients

with valgus or varus knees.

5. Conclusion

This study showed that dexterity or proprioception in handedness had no affect
on bone resection and thicknesses of the polyethylene in TKR procedures and
acetabular reaming and femoral canal rasping in THR procedures. However, it
did lead to differences in femoral neck resection. Right-handed orthopedists are
significantly more likely to perform excessive femoral neck cutting or prefer the
larger size of FNL when performing left side THR surgery, while no differences
occur when performing TKR surgery. The surgeon should be aware of the po-

tential ambiguity and practice THR more meticulously to make perfect.
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