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Columbus Primary Total Knee
Replacement: A 2- to 4-Year Follow-
up of the Use of Intraoperative
Navigation-derived Data to Predict
Pre- and Postoperative Function

S. DAVID STULBERG, MD; MARK A. YAFFE, MD; RITESH R. SHAH, MD; SUSAN E. GALL-SIMS, BS;
NICHOLAS PALMESE, BS; MICHAEL A. GRANIERI, BS; PHILIP H. SCHMIDT, BS

The purpose of this study was to examine the clinical outcomes associated
with the Columbus primary total knee replacement (B. Braun Aesculap, Tut-
tlingen, Germany), correlate these outcomes with variables measured intra-
operatively with the OrthoPilot navigation system (B. Braun Aesculap), and
explore the full potential of automating the process of intraoperative data col-
lection. Clinical and functional outcomes at 2.5 years were similar to results
reported in previous studies. Correlations were seen between initial mechan-
ical axis deformity and postoperative range of motion as well as between
final mechanical axis alignment and the presence of flexion contractures at
later follow-up. It is now possible to potentially stratify particular segments of
patients and develop specific intraoperative alignment targets that are most

likely to yield positive clinical and functional outcomes.

omputer-assisted total knee

replacement (TKR) has been

shown to increase the precision
and accuracy of implant alignment.' It
is unclear, however, whether the poten-
tial improvements in implant alignment
translate to improvements in implant
durability or long-term clinical and
functional outcomes. An intraoperative
navigation system offers the potential
to relate intraoperative variables, such
as alignment, laxity, and soft tissue bal-
ance immediately before and after im-
plant placement to long-term clinical
and functional outcomes such as pain,
range of motion (ROM), patient mobil-
ity, and movement independence. To our
knowledge, there has not been a defini-

tive examination of this relationship to
date. Through the process of automa-
tion, it is possible to seamlessly trans-
late the intraoperative data produced
by the navigation system into a format
that can be easily examined in relation
to pre- and postoperative outcome mea-
sures. The purpose of this study was to
examine the clinical and functional out-
comes associated with the Columbus
primary TKR (B. Braun Aesculap, Tut-
tlingen, Germany), correlate these with
variables measured intraoperatively by
the navigation system, and explore the
full potential of automating the transfer
of intraoperative limb and implant align-
ment data as measured with a computer-
assisted navigation system.
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MATERIALS AND METHODS

We performed 58 consecutive com-
puter-assisted TKAs on 51 patients. Aes-
culap primary, posterior cruciate retaining
Columbus implants were inserted using the
OrthoPilot (B. Braun Aesculap) image-free
navigation instrumentation. Of these pa-
tients, 30 underwent unilateral computer-
assisted surgery (CAS), 7 underwent bilat-
eral CAS, and 14 underwent bilateral TKA
with one side performed using CAS. Basic
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Table 1

Demographics

Patients 51

Unilateral
e 51%

JAge Age (48.0-
(y) (range) 6. 86.1)
Sex (% male) 31%
Dx (% OA) 100%
BMI BMI (22-
Avg (range) 520 52)

demographic information was obtained
for each patient (Table 1). For each TKA,
we obtained weight-bearing, full-length
anteroposterior (AP) and short film lateral
radiographs. The AP mechanical axis and
sagittal femoral and tibial axis measure-
ments were recorded, both intraoperative-
ly using the navigation system and with
standard 4-week (short-term) and 2-year
(long-term) postoperative radiographs. In-
vestigational review board permission was
obtained for this study.

We obtained intraoperative navigation
measurements preoperatively before any
cuts were made and again postoperatively
after cuts were made and implants placed.
The target intraoperative alignment was 0°
for the mechanical, femoral, and tibial axes.
Through an automated process, the align-
ment results generated by the navigation
system were compared with postoperative
outcomes. Pre- and postoperative clinical
examinations at 4 weeks, 6 months, 1 year,
and 2 to 4 years were performed by a phy-
sician blinded to intraoperative measure-
ments. Average follow-up was 2.5 years.
The Knee Society Knee score, which is a
composite from measures of ROM, pain,
and knee stability, and the Knee Society
Functional score, which is an assessment
of patient mobility and movement inde-
pendence, were evaluated according to the
Knee Society scoring system. Six patients
(all with unilateral TKA) were lost to fol-
low-up due to relocation, unwillingness to
continue participation in the study, or lack
of intraoperative measurements. These pa-

52

Clinical and Functional Findings:
Preoperative, 1-month Postoperative, and 2-year Postoperative

CAS Group

Mechanical Axis?®
Preoperative
Postoperative

5.62° £ 5.2 (-12°-16°)
0.56° = 1.0 (-1°-3°)

Flexion Contracture
Preoperative
1 mo postoperative
2-y postoperative

5.36° * 4.95 (0°-15°)
1:59% + 2.71:(0%-13°)
0.312 £ 1.07(0°-5°)

ROM
Preoperative
1-mo postoperative
2-y postoperative

114.2° = 17.0 (60°-145°)
101.8° = 20.9 (0°-135%)
120.7° = 13.1 (50°-140°%)

Total Laxity?
Preoperative
Postoperative

8.7° = 3.0 (3°-169)
27530 1514051067

Pain Score®
Preoperative
1-mo postoperative
2-y postoperative

13.3 = 11.7 (0-50)
27.4 £ 13.6 (0-50)
43.1 £ 12.5 (0-50)

Function Score
Preoperative
1-mo postoperative
2-y postoperative

47.5 = 15.0 (5-80)
46.8 = 16.9 (5-85)
76.7 £ 23.9 (30-100)

Knee Score
Preoperative
1 mo postoperative
2-y postoperative

43.5 = 19.2 (0-100)
68.9 = 18.0 (27-100)
88.5 = 18.1 (21-100)

(30 Unilateral, 7 Bilateral, 14 Bilateral with One-side CAS)
“Navigation-generated intraoperative measurement.
PPain score: 50 = no pain; 0 = maximum pain.

Table 3

Change in Clinical and Functional Outcome Measures

(Preoperative to 2 y)

Minimum Maximum Mean SD
Knee Score -26 97 48.37 25.96
Function Score -10 95 29.66 24.05
Pain Score® -20 50 31.25 15.69
ROM -72 55 7.05 18.11
(in degrees)

Pain score, 50 = no pain; 0 = maximum pain

We used the Aesculap OrthoPilot
navigation system for computer-assisted

tients were excluded from the final analy-
sis of the data.
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Table 4
An Analysis of Radiographic and Navigation Measurement of Limb and Implant Alignment
Axis of Measurement
Measurement of Interest Mean Minimum Maximum SD
Mechanical Preop 8.76 -12 22 8.24
Axis (Antero- Radiograph
posterior) E
ey Pr.eop_ 5.62 12 16 5.20
Navigation
Postop (1 mo) 1294 -4 8 2.89
Radiograph
Postop (2 y) 1.43 -2 4 1.91
Radiograph
Postop .56 -1 3 1.00
Navigation
Femoral Axis Postop (1 mo) 2.05 -4 7 2.46
(Sagittal) Radiograph
(Fleion, +) Postop (2 y) 1:73 0 4 961
Radiograph
Postop -.24 -2 2 847
Navigation
Tibial Axis Postop (1 mo) -2.10 -7 2 1.80
(Sagittal) Radiograph
(S’l’;’;t:'f;” Postop (2 y) 2.93 8 0 2219
4 Radiograph
Postop -76 -6 1 1.33
Navigation

TKA and to generate navigation align-
ment measurements.

We used the ORUpload software sys-
tem (EcomGlobalMedical Research and
Development Inc, San Antonio, Texas) to
automate the transfer and integration of
intraoperative data collected by the navi-
gation system to the postoperative data
collection program.

A two-tailed bivariate Pearson corre-
lation was used to evaluate the strength
of the association between pre- and post-
operative radiographic and navigation
alignment measurements as well as the
association of interobserver measure-
ments. An analysis was performed on
pre and postoperative navigation-gener-
ated alignment measurements as well as
clinical and functional outcomes. Sig-
nificance was considered P < .05. All
statistical analyses were performed using

SPSS version 14.0 statistical software
(SPSS Inc, Chicago, Illinois).

RESULTS

At a mean follow-up of 2.5 years, pa-
tients exhibited mean Knee Society Knee
scores (composite of pain, ROM, and knee
stability) of 88.5 = 18.1 (21 to 100), Knee
Society Functional scores (composite of
patient mobility and movement indepen-
dence) of 76.7 = 23.9 (30 to 100), Knee
Society Pain scores of 43.1 = 12.5 (0 to
50), ROM of 120.7° %= 13.1 (50° to 140°),
and flexion contractures of 0.31° = 1.0
(0° to 5°) (Table 2). Compared with pre-
operative values, patients exhibited mean
increases in Knee Society Knee scores of
47.3 = 25.9 (-26 to 97), Functional scores
of 29.6 = 24.0 (-10 to 95), Pain scores of
31.2 £ 15.6 (-20 to 50), and ROM of 7.0°
*+ 18.1 (-72° to 55°) (Table 3).
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Mean preoperative mechanical axis
measurements were 9.28° as measured
on standard long-standing weight-bear-
ing radiographs and 5.62° as measured
by the navigation system while the pa-
tient was non-weight bearing and lying
supine in the operating room. Mean
postoperative mechanical axis mea-
surements were 1.43° as measured by
2-year postoperative radiographs and
0.56° as measured by the navigation
system once bone cuts were made and
implants placed. Postoperative sagittal
femoral flexion was 1.73° and poste-
rior tibial slope was 2.93° as measured
by 2-year radiographs and -0.24° and
0.76°, respectively, as measured by the
navigation system (Table 4). The pre-
and postoperative alignment and clini-
cal and functional outcome measures
of our study patient with the most no-
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Radiograph

Alignment (Preoperative)

Mechanical Axis:
Navigation: 8° (L)
Radiograph: 14° (L)

Clinical and Functional Measures (Preoperative)
Preoperative (Knee Society Scoring system)

Knee Score: 35 (L)
Function Score: 70 (L)
Pain Score: 0(L)
ROM: 140° (L)

Flexion contractures: 0° (L)

Figure 1: Preoperative alignment and clinical and functional outcome measures of study patient with the
most notable preoperative limb deformities.

Alignment (Postoperative) Radagraph

Mechanical Axis:
Navigation: 19 (L)
Radiograph: o) B e
Clinical and Functional Measures

3-Year follow-up (Knee Society Scoring system)

Knee Score: 100 (L)
Function Score: 100 (L)
Pain Score: 50 (L)

ROM: 135° (L)

Flexion contractures: 0° (L)

Figure 2: Postoperative alignment and clinical and functional outcome measures of study patient with the
most notable preoperative limb deformities.

table preoperative limb deformities are
presented in Figures | and 2.
An analysis of correlations between

intraoperative navigation-generated
variables and pre and postoperative (2
to 4 years) outcome measures were no-
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table for (1) a statistically significan(
association between increased preop-
erative mechanical axis deviation and
both a decreased absolute ROM (r =
-0.438, P = .017), and increased ROM
improvement (r = 0.482, P = .008) at 2
to 4 years; (2) a statistically significant
association of increased preoperative
flexion contracture with the presence
and magnitude of a flexion contracture
(r = 0.343, P = .035) at 2 to 4 years;
(3) a statistically significant association
of increased postoperative mechani-
cal axis deviation and the presence and
magnitude of flexion contractures (r =
0.653, P < .01) at 2 to 4 years, and (4)
a statistically significant association be-
tween increased posterior tibial slope
cut and increased postoperative laxity
(r=0.317, P =.032). An examination
of additional correlations between intra-
operative variables (laxity, mechanical
axis, femoral and tibial cut axes) and
postoperative outcomes (Knee Society
Knee score, Function score, Pain score,
ROM, and pre to postoperative changes
in these variables) did not yield any sta-
tistically significant findings.

DISCUSSION

The majority of studies that have as-
sessed outcomes of CAS TKA have fo-
cused on alignment as the primary out-
come measure rather than clinical and
functional outcomes.'® The alignment
results reported in this study using the Co-
lumbus Knee System and the OrthoPilot
navigation system are consistent with the
results reported in these previous studies.
Moreover, it appears that the Columbus
CAS TKA generates clinical and func-
tional outcomes that are comparable with
previous studies that have evaluated these
outcome measures in TKA performed us-
ing manual instrumentation.

Analysis of Outcomes

In our study, we found Knee Society
Knee, Functional, and Pain scores of 88.5
+ 18.1 (21 to 100), 76.7 = 23.9 (30 to

ORTHOPEDICS | www.ORTHOSuperSite.com



100), and 43.1 = 12.5 (0 to 50), respec-
tively. These results were similar to results
seen by Kane et al., who found mean Knee
scores of 80.0 to 82.4 in 57 published
studies with average follow-up between 6
and 189 months.”

Similar results were reported by
Spencer et al, who used a Duracon
knee prosthesis (Stryker Orthopaedics,
St. Leonards, Australia) and noted an
average Knee Society composite score
(combined Knee and Functional scores)
of 156.4 *+ 33.1.'% Molfetta et al., used
a Scarch-evolution prosthesis (B. Braun
Aesculap) and found Knee and Func-
tional scores of 84 * 5.4 and 90 * 5.3
at an average follow-up of 5.4 years,
which were slightly greater in value and
exhibited smaller standard deviations
than the results of our current study.'!
Clayton et al. used the PFC Sigma pros-
thesis (Depuy, Johnson & Johnson, New
Brunswick, NI) and evaluated Knee,
Functional, and Pain scores at 5-year fol-
low-up.'” He found postoperative Knee
scores of 89.3 = 2.1 (mean improve-
ment, 58.4), Functional scores of 79.9 +
19.2 (mean improvement, 31.6), and Pain
scores of 46.2 = 10.4. The Pain scores in
particular are notably similar in magni-
tude to those in our study. Matsumoto et
al. used the Vector Vision (Depuy-Brain-
Lab, Heimstetten, Germany) and the PFC
Sigma (Depuy, Warsaw, Ind) and found
2-year postoperative Knee scores of 84.5,
Functional scores of 94.3, and ROM of
113.0 at follow-up of 27 months."? These
results demonstrate superior functional
scores but slightly lower knee scores and
ROM compared to the present study. Av-

erage ROM in our study was 120.7° =
13.1° (50° (o 140°). These results were
similar to those rom Laskin et al., who

found mean ROM of 118 in a 5-year fol-
low-up of patients who were implanted
with the Genesis II (Smith and Nephew,
Memphis, Tenn)." Kim et al. used the
PFC Sigma prosthesis (Depuy) and found
Pain scores of 44 and ROM of 127° at an
average follow-up of 2.6 years.!s

Several investigators have reported the
tendency for Knee and Function scores
to decline over time.>!'"** Benjamin et
al. found that improvements in Knee So-
ciety scores are not permanent.'® Rather,
declines were seen in clinical and func-
tional measures after 3 years of follow-up,
most notably in patients with pre-existing,
symptomatic arthritis in the contralateral
knee or other joints. Declines over time
in Knee Society and Hospital for Special
Surgery Scores were also noted by Kane
et al.? Given this trend, some investigators
have suggested that the optimal or most
appropriate time to evaluate Knee scores
is 5 years postoperatively.!" Qur average
follow-up was 2.5 years, thus there may
be a potential for patients to continue to
achieve improvements in ROM, reduc-
tions in pain, and advances in mobility in
continued follow-up.

Relation of Intraoperative
Variahles to Postoperative Function

Intraoperative navigation allows the sur-
geon to correlate intraoperative limb and
implant measurements to pre and postop-
erative outcome measures. To our knowl-
edge, there are no studies that have exam-
ined this type of relationship. There are,
however, several studies that have investi-
gated the impact of demographic and base-
line functional data on postoperative out-
comes. Stickles et al. found a trend toward
improved WOMAC scores, compared with
preoperative baseline scores, in patients
with a higher body mass index (BMI)."”
Jones et al. found no significant relation-
ship between preoperative pain status and
age, sex, or BMI.18 They did report how-
ever, that significant preoperative pain was
a positive predictor of postoperative pain.
Konig et al. found a positive correlation be-
tween BMI and functional outcomes but no
correlation between age, gender, or BMI to
pain or overall Knee Society scores.'?

In our study, we discovered a statis-
tically significant relationship between
several key intraoperative and postopera-
tive variables. We discovered that patients
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with the most significant preoperative
mechanical axis deformities achieved
less absolute postoperative ROM at 2 to
4 years but experienced greater overall
ROM improvements than did patients
with less significant initial deformities.
We also found a significant association
between postoperative mechanical axis
deviation and the magnitude of flexion
contractures at 2 to 4 years. In addition,
the presence of a preoperative flexion
contracture was strongly associated with
the continued presence of a flexion con-
tracture postoperatively. Increased poste-
rior tibial slope was also associated with
greater total mediolateral laxity at the end
of the procedure. These types of relation-
ships may help to identify the factors that
will affect clinical outcomes most signifi-
cantly and may further help to identify the
patients who would benefit most from the
use of CAS during TKA. These types of
relationships may help establish optimal
alignment goals for patients with varying
preoperative deformities and instabilities
who undergo TKA.

Automation Process

Automation tools allow the surgeon
to analyze patient data both intraopera-
tively and postoperatively in real time
and may help to predict postoperative
outcomes. The use of an intraoperative
navigation system and the automated
management of the information that this
system provides is proving beneficial in
helping us understand the relationship
between intraoperative variables, cuts,
and alignment and pre and postoperative
outcome measures. The automation pro-
cess begins with a software interface that
electronically captures data generated
by the navigation system with minimal
effort by the surgeon. Information on
alignment, laxity, ROM, and bone cuts
is stored and available for analysis. This
information is then transferred as auto-
mated file algorithms to directories and
datasets specific to the field of research.
The information can then be stratified
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among a set of variable searching tools
that macromanage the collected data.
Physicians and staff use electronic data
capturing (EDC) forms to enter clinical
follow-up data directly into the patient
record. Once entered, the data can be up-
dated easily throughout the patient study
timeline. The data is then available for
immediate viewing, searching, and anal-
ysis. The system also has the ability to
store and incorporate radiographic stud-
ies and measurements into the data eval-
uation, allowing real time evaluation of
associations between specific alignment
measures and clinical and functional out-
comes. For example, a need to compare
the correlation of preoperative mechani-
cal axis measurements to postoperative
Knee scores at | month and 2 years in
patients with preoperative mechanical
axis deviations =<3° versus patients with
deviations =5° can be accomplished in
seconds. Given the considerable time to
market acceptance of new medical tech-
nologies and devices, software automa-
tion tools have the potential to close the
gap between physician-led studies and
surgical innovations by streamlining and
simplifying the process of data collec-
tion and analysis. O]

CONCLUSION

At an average of 2.5 years of follow-
up, navigated TKA with the Columbus
implant produced clinical and functional
outcomes similar to those reported in
previous studies.”'*!*!> The collection
of intraoperative data through use of a
navigation system allows for the estab-
lishment of a long-term database where
one can easily analyze the relationship
between intraoperative variables and pre
and postoperative clinical and functional
outcomes. Automation streamlines the
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data analysis process by electronically
capturing intraoperative navigation-gen-
erated data and transforming it into a
format that can be easily analyzed in re-
lation to patient demographic variables,
alignment measurements, and clinical
and functional outcome measures. We
are now able to stratify groups of pa-
tients, such as those with large initial
deformities or flexion contractures, and
develop intraoperative alignment targets
most likely to yield positive clinical and
patient-perceived functional outcomes.
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