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Abstract

Introduction Because of the ongoing discussion of imageless navigation in total knee arthroplasty (TKA), its advantages
and disadvantages were evaluated in a large patient cohort.

Methods This retrospective analysis included 2464 patients who had undergone TKA at a high-volume university arthro-
plasty center between 2012 and 2017. Navigated and conventional TKA were compared regarding postoperative mechanical
axis, surgery duration, complication rates, one-year postoperative patient-reported outcome measures (PROMs) (WOMAC
and EQ-5D indices), and responder rates as defined by the criteria of the Outcome Measures in Rheumatology and Osteo-
arthritis Research Society International consensus (OMERACT-OARSI).

Results Both navigated (1.8 +1.6°) and conventional TKA (2.1 +1.6°, p=0.002) enabled the exact reconstruction of mechan-
ical axis. Surgery duration was six minutes longer for navigated TKA than for conventional TKA (p <0.001). Complication
rates were low in both groups with comparable frequencies: neurological deficits (p =0.39), joint infection (p =0.42 and
thromboembolic events (p =0.03). Periprosthetic fractures occurred more frequently during conventional TKA (p =0.001).
One-year PROMs showed excellent improvement in both groups. The WOMAC index was statistically higher for navigated
TKA than for conventional TKA (74.7+19.0 vs. 71.7+20.7, p=0.014), but the increase was not clinically relevant. Both
groups had a similarly high EQ-5D index (0.23 +£0.24 vs. 0.26 +0.25, p=0.11) and responder rate (86.5% [256/296] vs.
85.9% [981/1142], p=0.92).

Conclusion Both methods enable accurate postoperative leg alignment with low complication rates and equally successful
PROMs and responder rates one year postoperatively.

Level of evidence III. Retrospective cohort study.
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Introduction

Total knee arthroplasty (TKA) is a frequently conducted and
effective surgical method for relieving pain and restoring
function in patients with severe osteoarthritis [1, 2]. The
frequency of knee replacement surgery increased on aver-
age by 40% in countries belonging to the Organization for
Economic Co-operation and Development (OECD) between
2007 and 2017 [2]. A further increase can be expected in the
course of demographic change [3].
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Accurate restoration of mechanical axis is considered an
objective quality feature in TKA because it improves implant
survivorship [4, 5] and correlates with clinical outcome
[6-8]. Imageless navigation systems for computer-assisted
TKA were developed in the 1990s to facilitate proper leg
alignment and implant positioning [9]. Since then, the use
of imageless navigation systems has been discussed among
experts [10-16]. Although some authors did not find any
differences in postoperative radiological and clinical param-
eters between navigated and conventional TKA [10-12],
other authors found improvements in leg alignment and
even in functional results after the use of navigation sys-
tems [13-15]. Imageless navigation requires longer surgery
durations [14, 17, 18], partly because of the necessary inser-
tion of Schanz screws to fix the reference arrays for optical
navigation. Some authors have described an increased risk
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of periprosthetic fractures and nerve injuries in connection
with the insertion of Schanz screws [19, 20], whereas oth-
ers have reported a reduced complication rate for navigated
TKA [21]. However, the comparability of these studies is
restricted due to the application of different postoperative
treatment protocols [13, 15, 17] or a limited number of
patients [12, 14, 18].

Therefore, navigated and conventional TKA were ana-
lyzed with regard to the accuracy of mechanical axis restora-
tion, surgery duration, complication rates, and patient-ori-
ented outcome measures (PROMs) one year postoperatively
in a single center study of 2543 TKAs conducted at a high-
volume arthroplasty department. It was hypothesized that
navigated and conventional TKA would differ with regard
to postoperative mechanical leg alignment, surgery duration,
complications, and patient-reported outcome measures one
year postoperatively.

Methods

This retrospective analysis was based on the joint registry
established at our department. The study was approved by
the local Ethics Commission (18-927-104).

From the database, all patients who had undergone TKA
because of primary or secondary osteoarthritis of the knee
and who had received a postoperative long leg radiograph
were included. Patients undergoing revision surgery and
patients with lacking postoperative long leg radiograph were
excluded. A total of 2464 patients met the inclusion criteria.

Pre-operative and postoperative patient-reported outcome
data were only available for a subgroup of 1438 patients
(Fig. 1). The characteristics of the study group are shown
in Table 1.

All operations took place at a single Department of
Orthopedic Surgery of a University Medical Center,
between 2012 and December 2017. Conventional TKA
was compared to navigated TKA. Each surgical interven-
tion involved the application of a tourniquet and the same
implant system inserted by means of a medial parapatellar
approach (PFC Sigma®, fixed bearing, cemented, DePuy,
Warsaw, IN, USA).. All patients received patellar resection
arthroplasty. Patellar resurfacing was not performed. The

Table 1 Anthropometric characteristics of the study group

N=2464 Conventional TKA Navigated TKA p value
Number of patients ~ N=555 N=1909

Age (years) 68.1+9.5 68.2+9.4 0.82
Sex (women) 65.0% (361) 60.9% (1163)  0.09
ASA-Class 1 6.5% (36) 8.9% (170) 0.07
ASA-Class 2 48.6% (270) 51.9% (991) 0.19
ASA-Class 3 44.7% (248) 38.7% (739) 0.01
ASA-Class 4 0.2% (1) 0.5% (9) 0.29
Length of hospital 9.7+2.1 9.6+2.9 0.37

stay (d)

Values of categorical data are given as relative and absolute frequen-
cies, values of quantitative data are given as mean (standard devia-
tion). TKA total knee arthroplasty, ASA American Society of Anes-
thesiologists

Fig.1 Study flow diagram
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choice of surgical method, i.e. conventional or navigated
TKA, depended on availability of a navigation system. The
use of navigation was limited as only three of four opera-
tion theatres were equipped with a navigation system and
due to limited availability of navigation instruments. If a
navigation system was not available, conventional TKA
was performed. Conventional TKA consisted of a ‘meas-
ured resection’” workflow with extramedullary alignment
of tibial resection and intramedullary alignment of femoral
resection. The angle between the anatomical and mechani-
cal femur axis (AMA) was determined by means of a pre-
operative long-leg weight-bearing radiograph. Navigated
TKA was conducted with an imageless navigation system
(BrainLAB, Munich, Germany). After the registration of
the bony landmarks and the mechanical axis, navigation-
guided tibial resection was conducted perpendicular to
the mechanical axis of the tibia. Similarly, distal femoral
resection was carried out with the assistance of the naviga-
tion system perpendicular to the femoral mechanical axis.
Correct restoration of mechanical axis was controlled with
trial components and recorded by the navigation system
(Fig. 2). After implantation of the permanent components,
mediolateral and sagittal stability of the prosthesis was
assessed clinically. All surgeons used both the techniques
and were equally trained and skilled in navigation and con-
ventional implantation. All operations were performed or
supervised by a senior arthroplasty surgeon. According
to our institutional standard protocol, all patients were
allowed immediate full weight bearing and free range of
motion, depending on pain and swelling.

Radiographic images were evaluated according to the
method developed by Moreland et al. [22] using postopera-
tive long-leg weight-bearing radiographs. To ensure correct
measurement, proper limb rotation was verified by fibular
overlap [23]. Femoral mechanical axis was determined by
drawing a line from the center of the femoral head to the
center of the femoral component. For determination of tibial
mechanical axis, a line was drawn from the center of the tib-
ial component to the center of the ankle. The angle between
femoral and tibial mechanical axis was measured (Fig. 3).
All measurements were made by independent observers
using the same medical planning software (MediCAD®,
Hectec, Landshut, Germany).

Data from the institutional joint registry, included patient
age, sex, the American Society of Anesthesiologists (ASA)
score, use of a navigation system, surgery duration, and
complication rates. Complications included intraoperative
fractures, deep joint infections, thromboembolic events and
neurological deficits. Fractures were verified with postopera-
tive X-ray. Thromboembolic events were diagnosed by color-
coded duplex sonography or thoracic computed tomogra-
phy. Postoperative neurological deficits were confirmed by
consultation with a neurologist. Deep joint infections were

Fig.2 Postoperative measurement of mechanical axis on a long-leg
weight-bearing radiograph

defined by the German national nosocomial infections sur-
veillance system [24].

The Western Ontario and McMaster Universities Arthri-
tis index (WOMAC) [25] and the Euro-Qol 5D-5L index
(EQ-5D) [26] were assessed preoperatively and one year
postoperatively. Outcome data beyond one year post-
operatively were not available in our joint registry. The
WOMAC index is an internationally widely used tool for
an outcome evaluation after total joint replacement [27].
In addition to the WOMAC index, patients were asked
about the intake of analgesics for pain relief in the affected
joint. Respondents were asked to classify the current use
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Fig.3 Reference arrays (a) and final leg alignment (b) in navigated TKA

of analgesics according to frequency into five categories
(‘always’, ‘often’, ‘sometimes’, ‘occasionally’, and ‘never’).
For statistical analysis, categories were converted into scores
between 4 (corresponding to ‘never’) and O (corresponding
to ‘always’). Finally, raw scores were normalized to a scale
between 0 (‘worst’) and 100 (‘best’). The EQ-5D index is a
widely applied and validated tool for health assessment for
evaluating health according to the dimensions of mobility,
independence, care, ordinary activities, pain, discomfort,
anxiety, and depression [26, 27]. Responders were differ-
entiated from non-responders by means of the criteria of
the Outcome Measures in Rheumatology and Osteoarthritis
Research Society International consensus (OMERACT-
OARSI) [28]. The OMERACT-OARSI criteria identify
patients as responders after TKA if the WOMAC index
shows an improvement in pain or function, either relatively
by at least 50% or absolutely by at least 20 points. Alterna-
tively, patients are defined as responders if two of the fol-
lowing criteria are met: improvement of the pain subscore
by at least 20% and at least 10 points, improvement of the
function subscore by at least 20% and at least 10 points, or
improvement in the global index by at least 20% and at least
10 points [27].

Statistics

The primary endpoint postoperative mechanical leg align-
ment was investigated by means of a power calculation.
Based on the results of a previous study [29], the expected
effect size of mechanical axis deviation was conservatively
set to 0.25. A sample size of 275 patients in each group
achieved a power of 90% using two-sample t test (nQuery
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Advisor 7.0, Statistical Solutions Ltd, Cork, Ireland). Sec-
ondary endpoints were surgery duration, complications, and
PROMSs one year postoperatively (WOMAC and EQ-5D
indices).

For statistical analysis, continuous data are presented as
mean + standard deviation. Group comparisons were con-
ducted with a two-sided t test. Categorical values are given
as counts and percentages and were compared between
groups with the Fisher exact test. The primary endpoint
was tested on a significance level of 5%. For all secondary
endpoints, the significance levels were adjusted according
to Bonferroni [30]. IBM SPSS Statistics 22 (SPSS Inc., Chi-
cago, IL, USA) was used for analysis.

Results

Mean deviation from neutral mechanical axis after conven-
tional TKA was 2.1 +1.6° versus 1.8 +1.6° after navigated
TKA (95% CI of the difference 0.1° to 0.4°, p=0.002). The
proportion of patients with postoperative mechanical axis
within + 3° deviation from neutral leg alignment was 88.3%
(490/555) in the conventional group compared to 90.7%
(1731/1909) in the navigated group (p =0.86, Fig. 4).

Mean surgery duration of 75.6 +23.5 min in the conven-
tional group was six minutes shorter than in the navigated
group with 81.7 £23.2 min (95% CI of the difference — 8.3
to 4.0 min, p <0.001).

Complications were rare in both groups (Table 2). The
frequency of complications was comparable between the
two groups: neurological deficits (0.5% [3/555] vs. 0.3%
[5/1909], p=0.39), joint infection (1.1% [6/555] vs. 0.7%
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Fig.4 Proportions of patients with postoperative mechanical axis within and outside +3° deviation from neutral leg alignment after conventional

and navigated TKA

Table 2 Complication rates for conventional and navigated TKA

TKA Conventional TKA Navigated TKA p -value

Intraoperative 1.1% (6/555) 0.1% (1/1909)  0.001
fractures

Thrombosis 0.7% (4/555) 0.1% (2/1909)  0.03

Neurological 0.5% (3/555) 0.3% (5/1909)  0.39
deficits

Joint infection 1.1% (6/555) 0.7% (14/1909) 0.42

Values of categorical data are given as relative and absolute frequen-
cies. TKA total knee arthroplasty

[14/1909], p=0.42), and thromboembolic events (0.7%
[5/555] vs. 0.1% [2/1909], p=0.03). Periprosthetic frac-
tures occurred more frequently during conventional TKA
than during navigated TKA (1.1% [6/555] vs. 0.1% [1/1909],
p=0.001).

With regard to PROMs, both groups had comparable
preoperative baseline values and showed high improvement
in the WOMAC index as well as in the EQ-5D index and
in EQ-5D-VAS one year postoperatively (Fig. 5). Mean
WOMAC index one year postoperatively was higher in the
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Fig.5 Extent of improvement with regard to Euro-Qol 5D-5L (EQ-
5D), Euro-Qol 5D-5L VAS (EQ-5D-VAS) Western Ontario, and the
McMaster Universities Arthritis Index (WOMAC), and use of analge-
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sic medication one year after conventional and navigated TKA com-
pared to pre-operative baseline values
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navigated group than in the conventional group (74.7 +19.0 g -
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criteria one year postoperatively was comparably high in g é g - )
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tions [31]. In this context, total knee arthroplasty is a proven % < o =
effective curative treatment for severe osteoarthritis of the o4 CED A N == %
knee in terms of pain relief, functional improvement, and % s&|lm8&2° §
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correlates with clinical outcome [6-8]. The current study z ol G E
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clinical outcome one year postoperatively. Mechanical axis 8 n El
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of mechanical axis was on average 0.3° more accurate in the 2 S GE|lzag s g
navigated group than in the conventional group (p =0.002). % %; £
Although statistically significant, the mean difference of = é \% g‘ o - — o ® §
0.3° between navigated and conventional TKA is consid- E = el PR I ;’
ered clinically irrelevant. Accuracy was comparable in both E TC: g
groups with a standard deviation of 1.6°. In the literature, g é @ Sl o =l B
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of +3° is considered an objective quality feature because % % <« z _ = g
biomechanical investigations found positive correlations S5 | 3 z =l =
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between accurate mechanical alignment and implant sur-
vival [4, 5, 32, 33]. Meta-analyses found malalignment > 3°
in 9.0-12.1% after navigated TKA versus 28.7-31.8% after
conventional TKA [13, 34]. In our study, alignment could be
restored within + 3° deviation from neutral mechanical axis
in 88.3% of patients in the conventional group compared to
90.7% in the navigation group. Therefore, conventional TKA
performed nearly equally well as navigated TKA in terms of
alignment reconstruction. This fact may be due to the high-
volume setting in our clinic as well as a possible selection
bias. However, there is an increasing evidence that small
deviations from neutral mechanical alignment do not appear
to impact implant survival, postoperative complication rates
or PROMs after TKA at short-term follow-up, especially if
alternative alignment strategies are applied [35].

In our study, mean surgery duration was six minutes
longer for navigated TKA than for conventional TKA.
Although this longer surgery duration for navigated TKA is
consistent with literature reports, most publications describe
a higher increase in surgery duration of 12—15 min on aver-
age [17, 18, 36]. We assume that the minor extension of
surgery duration in our study was due to our standardized
navigation workflow in a high-volume setting. The type of
navigation system may also have an influence on surgery
duration. Under these conditions, navigated TKA may be
carried out with a minimal increase in surgery duration. In
terms of complications, both navigated and conventional
TKA proved to be safe. Complications were generally rare
in both groups. Navigated TKA requires femoral and tibial
insertion of Schanz screws to fix the reference arrays for
optical navigation (Fig. 3). Periprosthetic fractures, nerve
injuries, and infections caused by these screws had been
described in the literature [19, 20], but could not be con-
firmed by our investigations. Surprisingly, more fractures
occurred in the conventional group than in the navigation
group. The frequency of nerve injuries and infections was
equally low in both the groups. Thromboembolic events
occurred more frequently in the conventional group, but
accumulation was statistically not significant after Bonfer-
roni adjustment. Although thromboembolic events due to
the intramedullary alignment of femoral resection have been
described, no clear evidence of a correlation between navi-
gation and less thromboembolic events has been reported in
the literature so far [37, 38].

Regarding PROMs, no relevant difference between the
conventional and the navigated group could be observed one
year postoperatively. Both groups showed excellent improve-
ment in the WOMAC and EQ-5D indices. Although the global
mean value of the WOMAC index one year postoperatively
was higher in the navigated group than in the conventional
group, the extent of improvement was not clinically relevant.
These findings are consistent with the existing literature as the
majority of published studies and meta-analyses of PROMs

after TKA also did not show any relevant differences between
navigated and conventional implantation [36, 39]. Accord-
ingly, the proportion of responders in our study defined by the
OMERACT-OARSI criteria was comparable with a responder
rate of approximately 86% in both groups. This percentage
corresponds with results of other authors who described
8-25% of dissatisfied patients after TKA [1, 40]. In a recently
published meta-analysis comparing kinematic and mechanical
alignment in TKA, PROMs even favored kinematic alignment
strategies [35]. This might be a reason why no differences in
postoperative PROMs and responder rate could be found in
the current study.

This study has several limitations, first of all its retrospec-
tive design. Due to the lack of randomization, the results
of the analysis are susceptible to a potential selection bias.
Cohort matching was not performed. In the study group 77%
of patients received navigated TKA, as this is the preferred
method in our department. Whenever navigation was not
available, for example due to limited capacity of operation
theaters with navigational equipment, conventional TKA
was performed. Second, measuring mechanical axis in long-
leg radiographs is susceptible to measurement errors due to
lower limb malrotation [22]. A recently published study has
shown a range between 29° of internal rotation and 22° of
external rotation, resulting in measurement errors between
0.4° and 1.7° [41]. To minimize measurement errors, the inde-
pendent examiners followed a strict measurement protocol.
Proper lower limb rotation was verified by fibula overlap [23].
Another limitation is the fact that data acquisition was limited
to the data available from our institutional joint registry. As
a consequence, other parameters with possible influence on
outcome, such as pre-operative leg alignment, pre-operative
range of motion, BMI, and psychosocial aspects, could not be
captured. A further limitation is the limited follow-up time of
our study. As data are only available up to one year postopera-
tively, assessment of long-term outcome and implant durability
was not possible. The strength of our study is the higher num-
ber of patients in a monocentric study design that guarantees
standardized treatment protocols for navigated and conven-
tional TKA. As a consequence, all patients received the same
surgical approach, were supplied with the same type of implant
and obtained the same standardized postoperative treatment. In
this way, possible confounding factors were minimized. Future
analyses should focus on long-term results of navigated versus
conventional TKA. Although evidence is very limited, naviga-
tion could have a positive effect on the long-term revision rate
and implant survival [42].

@ Springer



1990

Archives of Orthopaedic and Trauma Surgery (2021) 141:1983-1991

Conclusion

Both navigated and conventional TKA enables accurate
postoperative leg alignmentin a high-volume setting and
proved to be safe with regard to periprosthetic fractures,
nerve injuries, thromboembolic events and infections. In
terms of PROMs and responder rates defined by the OMER-
ACT-OARSI criteria, both navigated and conventional TKA
showed good results up to one year postoperatively.
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