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Hand-held navigation may improve accuracy in minimally
invasive total knee arthroplasty: a prospective randomized
controlled trial
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Abstract
Introduction A novel hand-held navigation combines gyro-
scopes, accelerometers and a secure local wireless channel to
guide the distal femoral and proximal tibial cutting positions
by displaying to the surgeon directly on the pods within the
surgical field. No previous study has reported on its accuracy.
Materials and methods A prospective randomized controlled
trial was performed to compare radiographic outcomes inmin-
imally invasive surgery total knee arthroplasty (MIS-TKA)
with (40 patients, 40 knees) and without (40 patients, 40
knees) the novel hand-held navigation.
Results The use of hand-held navigation resulted in fewer
outliers (>±3° malalignment) in all frontal alignment: the
hip-knee-ankle, the femoral component, and the tibial compo-
nent. Tibial slope was also better achievedwith the navigation.
Femoral component flexion was not significantly different.
Operation time and bone cutting timewith the navigationwere
not longer than those without. Blood loss from drainage was
not significantly different.
Conclusion The hand-held navigation improves accuracy for
mechanical alignment and positioning of the prosthesis with-
out additional surgical time.

Keywords Hand-held navigation .Minimally invasive
surgery . Total knee arthroplasty . Gyroscopes .

Accelerometers

Introduction

Restoration of the mechanical alignment is an important con-
sideration during total knee arthroplasty (TKA). Many studies
confirm that postoperative mechanical axis within 3° of varus
or valgus is crucial to achieve the best long-term survival
[1–3]. In the last few years, a number of technologies have
therefore been developed to aid the surgeon in achieving a
better alignment in knee arthroplasty, including computer-
assisted surgery (CAS) based on line-of-sight navigation,
patient-matched guides based on pre-operative imaging, and
most recently, the new system of CAS: the hand-held naviga-
tion. Although several meta-analyses demonstrate that the for-
mer CAS-TKA provides a significant improvement in pros-
thesis alignment and component position, it is perceived to be
complex and requires more surgical time with a learning
curve, and there is also the possibility of complications such
as fracture from the guidance pins [4, 5]. With these potential
pitfalls, a new hand-held computer assisted stereotaxic surgi-
cal instrument system called iAssist navigation was developed
to assist the surgeon in the positioning of prosthetic compo-
nents intra-operatively. It employs surgical instruments and
position sensors to determine alignment axes in relation to
anatomical landmarks and to precisely position alignment in-
struments and implant components relative to these axes. This
study conducted a prospective, randomized, controlled trial to
compare accuracy of knee alignment and component position-
ing of MIS-TKA performed with and without the hand-held
navigation.
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Materials and methods

This prospective, randomized controlled study was approved
by the ethical committee of our institution (COA57/2557). All
patients with knee osteoarthritis whose symptoms could not
be treated with conservative measure were admitted under the
care of one surgeon for a primary minimally invasive total
knee arthroplasty (MIS-TKA). Both varus and valgus de-
formity cases were included in this trial. Patients were
excluded from the trial if they had deformity from a
previous fracture and/or osteotomy, less than 90° of
range of motion (ROM), or more than 30° of flexion
contracture. Patients were randomly assigned to each of
the two arms with random permuted blocks of four. The
patients flow chart is summarized in Fig. 1. Both the
patients and the investigators measuring the final out-
comes were blinded with regard to the trial arm to which
the patient had been assigned.

A total of 80 patients (80 knees) who underwent MIS-TKA
were randomized into two groups. Group I (iAssist-MIS-TKA
group; 40 patients, 40 knees) was operated using the iAssist
navigation (iAssist Knee System, Zimmer, US) (Fig. 2).
Group II (MIS-TKA group; 40 patients, 40 knees) was oper-
ated using the same minimally invasive technique but without
the hand-held navigation (Fig. 3). Pre-operative clinical vari-
ables such as age, sex, body mass index, number of co-mor-
bidities, side, range of motion, and Knee Society scores (KSS)
[6] were recorded. All surgery was performed by one experi-
enced surgeon (ST) who had experience with the use of com-
puter navigation and the standard instruments. In addition, to
ensure that the surgeon has excelled in the surgical technique

before the start of this study, he had performed more than 30
operations with iAssist-MIS-TKA.

All procedures were performed using the same fixed-
bearing posterior stabilized implant (NexGen HiFlex,
Zimmer, US) without patellar resurfacing and using a mini-
mally invasive technique. Patients had a regional anaesthetic
unless contraindicated by a medical issue. The tourniquet
pressure was at 280 mmHg in all cases. The incision was
typically less than 9 cm long, which represented no more than
twice the length of the patella. A mini-midvastus approach
was made, which allowed for exposure of the knee without
everting the patella. The iAssist-MIS-TKA was performed
using the iAssist navigation system. Briefly, iAssist Knee
pods were calibrated, and each pod was installed on its respec-
tive instrument. After femoral registration, femoral
landmarking and varus/valgus and flexion/extension adjust-
ments were performed. Then, the femur was resected, and
the cut was validated. Next, the tibial landmarking and regis-
tration were performed before varus/valgus and anterior/
posterior slope angles were set, and the bone was resected
and validated. The hand-held navigation system was used to
guide the two main bone cuts in both coronal and sagittal
plane as well as to validate the final bone cut. For the MIS-
TKA group, the distal femoral resection was performed using
the intramedullary technique and the proximal tibial resection
was performed by extramedullary technique. Femoral and tib-
ial components were cemented in all cases.

Both groups had the same postoperative pain control and
rehabilitation consisting of a multimodal approach, which
aims to avoid parenteral narcotics and provide early postoper-
ative mobilization.

80 patients (80 knees) prospective, randomized

Group1

iAssist-MIS-TKA

40 patients (40 knees)

Group 2

MIS-TKA

40 patient (40 knees)

Lost to follow-up (n=o)
Discontinue intervention (n=0)

Lost to follow-up (n=o)

Discontinue intervention (n=0)

Intraoperative and 6 weeks postoperative
radiographic outcome assessment

Analyzed (n=40)

Excluded from analysis (n=0)

Intraoperative and 6 weeks postoperative
radiographic outcome assessment

Analyzed (n=40)
Excluded from analysis (n=0)

Fig. 1 The consort chart for this
prospective study to compare
outcomes of minimally invasive
total knee arthroplasty with hand-
held navigation (iAssist-MIS-
TKA) and without the navigation
(MIS-TKA)
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Perioperative parameters (operative time, bone cutting time
and blood loss) and radiographic alignment at six weeks
postoperation were evaluated by two independent investiga-
tors who were blinded to the trial interventions. The average
of the two results was used in the analysis. For anteroposterior
and lateral weight-bearing hip-to-ankle standing radiographs,
the feet were placed apart with the knees in maximum exten-
sion and the toes pointing straight. The radiographs were
evaluated (Fig. 4) by measuring five component angles:
(1) hip-knee-ankle (HKA) angle, which is an angle
formed between the mechanical axis of the femur and
the mechanical axis of the tibia as measured on the lateral
side of the midline (the mechanical axis of the femur is
defined as the line connecting the centre of the femoral
head with the center of the knee, and the mechanical axis
of the tibia is defined as the line connecting the centre of
the ankle mortise with the centre of the knee, with 180°
as the target angle, (2) coronal femoral angle, which is an
angle formed between the mechanical axis of femur and
the transcondylar line of the femoral component as mea-
sured on the lateral side, with 90° as the target angle, (3)
coronal tibial angle, which is an angle formed between the

mechanical axis of the tibia and the tibial base plate as
measured on the lateral side, with 90° as the target angle,
(4) sagittal femoral angle, which is an angle of femoral
component flexion as measured between the frontal fem-
oral cortex and the inner frontal part of the femoral com-
ponent; a large angle indicates high degree of femoral
component flexion, with a 3° flexion as the target angle,
and (5) sagittal tibial angle, which is an angle of posterior
s l o p e o f t h e t i b i a l c ompon en t a s me a s u r e d
posteroinferiorly from the line perpendicular to the mid-
line of tibia, with a 7° posterior slope as the target angle.

Statistical analysis of measurements of malalignment was
performed. Up to 3° of deviation from the target angle was
considered acceptable, whereas values outside of this range
were classified as outliers.

The bone cutting time was defined as the time elapsed
between impacting the femoral spike into the distal femur in
group I or the insertion of the intramedullary femoral guided
rod in group II and when the trial components placement were
completed. Skin-to-skin operative time was recorded. Any
complications during the study and amount of blood loss from
drainage were also recorded.

Fig. 2 Use of hand-held
navigation (iAssist) in minimally
invasive total knee arthroplasty to
guide to resect distal femur and
proximal tibia. After femoral
registration (a, b), femoral
landmarking and varus/valgus
and flexion/extension
adjustments were performed (c) to
allow accurate resection (d). The
tibial landmarking (e) and
registration (f) were performed
before varus/valgus and anterior/
posterior slope angles were set,
and the bone was resected (g)
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Statistical analysis

From our preliminary study, a mean difference in the HKA
angle deviation between the two groups was 1.5° with a stan-
dard deviation (SD) of 1.9° and 2.4° for the groups with and
without navigation, respectively. The sample size was there-
fore estimated to be 33 knees per group to ensure sufficient
power of 80 with a significant difference (α=0.05, two-sided
significance level). In order to compensate for 10% of patients
who were lost to follow-up, we recruited at least 37 knees per
group to ensure sufficient sample size to reach the significant
level.

Demographic and preoperative data of both groups were
compared with independent t-test (Student t-test) and chi-
square. The clinical and radiographic outcomes of both groups
were compared with an independent t-test and chi-square. The
p-value<0.05 indicates a statistically significant difference
(SPSS version 21, SPSS Inc, Chicago, IL).

Results

The iAssist-MIS-TKA group (group I) consisted of 32 fe-
males and eight males who had an average age of 68.0±
8.0 years (range 51–85 years). The MIS-TKA group (group
II) consisted of 34 females and six males who had an average
age of 65.9±6.3 years (range 54–78 years). Others demo-
graphic variables such as pre-operative deformity, body mass
index (BMI) and KSS were similar between the two groups
(Table 1).

Perioperative and radiographic results at six weeks

Between the two groups, the perioperative results were not
significantly different (p>0.05) (Table 2). Although the
amount of blood loss was higher in the MIS-TKA group, the
difference was not significant (p>0.05). Operation time and
bone cutting time of the hand-held navigation group were not

Fig. 3 Minimally invasive total
knee arthroplasty (MIS-TKA)
using an intramedullary cutting
guide to resect distal femur (a, b)
and extramedullary cutting guide
to resect proximal tibia (c). The
size of distal femur was
determined (d). The femoral
anteroposterior cut was made
following the selection of femoral
sizing and rotation (e).The tibial
and femoral trial components
were inserted (f). The tibial and
femoral components were
inserted with cement (g)
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significantly longer than the group without the navigation
(p>0.05).

To assess the accuracy of the operations in the two groups
at the six-week follow-up, angle deviation and percentage of

knees with the implant aligned out of ±3 degrees from the
target angle were used as indicators by considering five angles
(HKA angle, coronal femoral angle, coronal tibial angle, sag-
ittal femoral angle, and sagittal tibial angle) (Table 3).

Discussion

Many advances in technology have been implemented to im-
prove implant alignment in TKA. For instance, meta-analysis
of imageless CAS for TKA significantly reduces the number
of outliers in the limb mechanical axis, coronal position of the
femoral component, and coronal position of the tibial compo-
nents by rates of approximately 80 %, 87 %, and 80 %, re-
spectively [4]. Nevertheless, CAS still has some drawbacks
such as the increased operative time of 20 minutes on average,
increased extra costs for hardware and software, and long
learning curve for surgeons [4, 7–10].

In the last few years, the pinless navigation was introduced
to check coronal and sagittal alignment without the need for
intracortical pin fixation. This technique reduces number of

Fig. 4 Use of anteroposterior
weight-bearing, long-leg
radiograph at six weeks
postoperation to measure hip-
knee-ankle (HKA) angle, coronal
femoral angle, and coronal tibial
angle

Table 1 Demographic and pre-operative data

Characteristic iAssist-MIS-TKA
(n=40)

MIS-TKA
(n=40)

P value

Age (years) 68.0±8.0 65.9±6.3 0.18

Body mass index 26.6±3.7 26.2±3.2 0.58

Male: Female 8:32 6:34 0.56

Number of co-morbidities 1.8±1.2 1.8±1.1 0.77

Left: Right 18:22 18: 22 1.00

Range of motion (°) 113.0±15.4 106.0±18.1 0.07

Tibiofemoral angle (°) varus 8.1±7.9 varus 7.6±7.7 0.77

Knee Society score

• Objective score 44.0±17.0 40.0±18.4 0.22

• Functional score 48.0±16.4 43.0±16.1 0.15

MIS minimally invasive surgery, TKA total knee arthroplasty

An average value±standard deviation is reported for each index
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steps of the registration procedure normally required in the
conventional navigation technique. It was found that the
pinless navigation was more effective than the conventional
alignment jigs in TKA as it reduced HKA outliers>± 3° (5 %
vs 25 %). However, the duration of surgery in the pinless
group was significantly longer than in the conventional group
[11].

Recently, patient-specific guides (PSGs) have been intro-
duced as the new instrument to improve alignment and reduce
operative time because it utilizesMRI or CT to tailor a patient-
specific instrument before the operation. This pre-operative
planning of PSGs has an advantage over the computer navi-
gation which requires intra-operative bone registration.
However, PSGs also have several disadvantages such as in-
creased costs for imaging and instrument fabrication as well as
increased pre-operative time required for surgical planning.
PSGs also do not seem to be able to result in the same degree
of accuracy as the CAS system [12–14].

Evidently, while these technologies have distinct advan-
tages, there is room for improvement such as time efficiency,
cost effectiveness, complication rate, and reproducibility with
minimal learning curve [15]. Therefore, a new hand-held nav-
igation system called iAssist navigation was developed in
2012 by employing inertial electronic components or gyro-
scopes to pass the information through a secure local wireless
channel [16–19]. The system can be used to position the distal

femoral and proximal tibial cutting guides in a real-time man-
ner. Therefore, the system considerably reduces the complex-
ity of the previous imageless computer navigation systems.

Previously, Scuderi et al. [19] conducted a study that com-
pared accuracy between the imageless navigation system and
the iAssist hand-held navigation system. The study found that
the initial clinical values measured on CT showed a good
correlation to actual validation measurements from the hand-
held system. The femoral mechanical axis showed an average
accuracy of 0.4±0.95° between the validated bone surface and
the postoperative CT. Tibial measurements of the mechanical
axis were also proven to be accurate, with an average error of
0.70±1.07°. Tibial slope results were reproducible, with errors
of −0.05° ±0.78°.

Unlike the study of Scuderi et al., our study aimed to com-
pare the accuracy between the standard instrument and the
iAssist hand-held system. From our result, the use of the
hand-held navigation resulted in fewer outliers in frontal
alignment, all for the entire TKA, the femoral component
separately, and for the tibial component separately. Tibial
slope was also achieved better with hand-held navigation.
The femoral component flexion was not significantly different
by the hand-held navigation.

In addition, our study considered other important outcomes
such as operative time and blood loss. Previously, one of the
major drawbacks for the imageless CAS-TKA is the longer
bone cutting time; however, such drawback does not seem to
be the limitation of the hand-held navigation because this
study found that the bone cutting time of the iAssist-MIS-
TKA group was only marginally longer than and not signifi-
cantly different from the MIS-TKA group. For the iAssist-
MIS-TKA group, blood loss was found to be reduced but
not significantly.

However, the limitation in this study is that we did not use
CTscans to determine alignment. To reduce the error of align-
ment evaluation, we therefore performed strictly controlled
radiographic positioning.

Table 2 Perioperative data

Measure iAssist-MIS-
TKA (n=40)

MIS-TKA (n=40) P value

Operative time (min) 96.0±14.2 94.0±18.7 0.65

Bone cutting time (min) 54.0±17.0 50.0±16.9 0.26

Blood loss (mL) 464.0±271.2 547.0±267.9 0.17

MIS minimally invasive surgery, TKA total knee arthroplasty

An average value±standard deviation is reported for each index

Table 3 Radiographic results and % of knees with implant aligned out of ±3 degrees from target angle

Angle measured Radiographic results % of Knees with implant aligned out of ±3 degrees from target angle
(outlier)

iAssist-MIS-TKA (n=40) MIS-TKA (n=40) P value iAssist -MIS-TKA (n=40) MIS-TKA (n=40) P value

Hip knee ankle angle 180.8±2.1 179.9±3.2 0.141 7.5 % 25 % 0.034*

Coronal femoral angle 90.3±1.0 90.7±2.2 0.303 0 % 15 % 0.011*

Coronal tibial angle 90.5±1.8 89.3±1.9 0.005* 2.5 % 15 % 0.048*

Sagittal femoral angle 3.6±1.6 4.4±1.7 0.032* 3 % 13 % 0.090

Sagittal tibial angle 6.3±1.6 7.4±3.7 0.095 3 % 20 % 0.013*

MIS minimally invasive surgery, TKA total knee arthroplasty

An average value±standard deviation is reported for each index

*Indicates p<0.05
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In conclusion, the initial experience with the hand-held
navigation has been positive. The use of this new navigation
system for total knee arthroplasty is less complex and less time
consuming than the former navigation system. Most impor-
tantly, the use of this new technology also provides better
accurate alignment than the conventional MIS-TKA.
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