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Robotic systems have been used in surgery since 1980,
while the integration of robotic systems in orthopedic
surgery began with the use of RoboDoc (Curexo Tech-
nology Corporation, Fremont, CA, USA) for the plan-
ning and performing of robotic-assisted total hip ar-
throplasty (THA) in 1992. The use of robotic technolo-
gy has facilitated minimally invasive surgery in some
cases, which has gained popularity in patients (Banks
2009). Another advantage of robotic surgery is the
higher precision and accuracy compared to conven-
tional techniques, which is of enormous importance
especially in spinal surgery (Devito et al. 2010).
Current robotic systems can be classified as autono-
mous, haptic, surgeon-guided systems. Haptic or sur-
geon-guided robotic systems allow the surgeon to use
the robot to perform the surgery. The permanent in-
put of the surgeon is mandatory to perform the proce-
dure. By contrast, in autonomous systems, the surgeon
performs the approach and set-up of the system and
then engages the robot to finish the surgery without
the surgeon’s help. A historical example of autono-
mous systems is RoboDoc (RoboDoc, Sacramento, CA,
USA), which was especially popular in Germany in the
1990s. Statistically significant higher accuracy in im-
plant positioning has been reported with the use of
RoboDoc compared to conventional systems (Bargar
2007). However, nowadays, owing to the higher com-
plication rate and safety concerns, the use of RoboDoc
has sharply declined (Davies et al. 2007; Schulz et al.
2007). Nevertheless, the use of robotic systems has re-
cently increased, especially the use of haptic or sur-
geon-guided systems.

12.1 Unicompartmental Knee
Arthroplasty with Haptic Robotic

Systems

Unicompartmental knee arthroplasty (UKA) was
introduced in the early 1970s and today is com-
monly used for the treatment of isolated compart-
mental osteoarthritis of the knee (Berger et al.
1999; Suggs et al. 2006). UKA did not gain wide
acceptance because of the high failure rate and
poor outcome (Insall and Aglietti 1980). However,
recent improvements in implant design, mini-
mally invasive techniques, bone-sparing strate-
gies, expanded indications, and early rehabilita-

tion have all contributed to a renewed enthusiasm
for UKA.

UKA has been shown to be a good and less-in-
vasive alternative to total knee arthroplasty (TKA),
especially for younger and active patients (Ohdera
etal. 2001). Advantages of UKA include better post-
operative range of motion, less soft tissue dissection,
preservation of bone stock, minimal blood loss,
faster recovery, lower complication rates, and more
physiological function (Ohdera et al. 2001; Koski-
nen et al. 2009).

Nevertheless, early failures of femoral and tibial
components have also been reported (Berend et al.
2005; Collier et al. 2006; Furnes et al. 2007; Mariani
et al. 2007). Failures attributed to overcorrection
and undercorrection have received the most atten-
tion (Hernigou and Deschamps 2004a, 2004b; Jeer
et al. 2004; Ridgeway et al. 2002).

The use of computer-assisted surgery systems in
UKA has resulted in improved postoperative align-
ment, reduction of outliers, and better postoperative
clinical results (Buckup et al. 2007; Molfetta and
Caldo 2008; Haaker et al. 2006). Cobb and col-
leagues (2006) reported that robot-assisted place-
ment of UKA (Acrobot Sculptor; Acrobot Compa-
ny, Ltd., London, UK) components was more accu-
rate than traditional techniques and that, subse-
quently, clinical outcomes were improved. Cobb’s
method, however, employed rigid intraoperative
stabilization of the bones in a stereotactic frame,
which is impractical for routine clinical use.

The »Robotic Arm Interactive Orthopedic Sys-
tem« (RIO; MAKO Surgical Corp., Fort Lauderdale,
FL, USA) (B Fig. 12.1), is an example of a surgeon-
guided robotic system that allows for dynamic bone
tracking, which is of enormous intraoperative im-
portance.

12.2 Preoperative Imaging
and Planning

Preoperative computed tomography (CT) scans are
obtained using specific scan protocols for all pa-
tients. The CT data are saved in DICOM (Digital
Imaging and Communications in Medicine; Ross-
lyn, VA, USA) format and transferred to the soft-
ware of the robotic system (MAKO Surgical Corp.).
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B Fig. 12.1 The »Robotic Arm Interactive Orthopedic Sys-
tem« (RIO) as an example of a surgeon-guided robotic system.
(By courtesy of MAKO Surgical Corp.)

The bone surfaces are segmented in the software
to create a patient-specific three-dimensional (3D)
model of the knee.

CT-based planning is ideal for bony alignment
including the assessment of osteophyte formations,
cysts, or necrosis. However, CT-based planning also
has its limitations. For example, soft tissues cannot
be visualized with CT.

On the basis of the preoperative CT scan, the
system allows for preoperative planning of the fem-
oral and tibial implant position including the fol-
lowing aspects:

Alignment parameters and intraoperative gap

kinematics

3D virtual visualization of implant position

After planning and defining the optimal implant
position, the data are saved in the system, while the
system automatically defines the boundaries of
bony resection.

12.3 Intraoperative Set-up

and Surgical Technique

Positioning of the robotic system is performed be-
fore the patient’s arrival in the operating room (OR).
The positioning of the system is based on the affected
knee and the surgeon’s dominant hand. The haptic
or surgeon-guided system (MAKO Surgical Corp.)
consists of three components: robotic arm, optical

O Fig. 12.2 The high-frequency burr is equipped at the
distal end of the robot. (By courtesy of MAKO Surgical Corp.)

B Fig. 12.3 Intraoperative set-up of the MAKO system dur-
ing a robotic-assisted unicompartmental knee arthroplasty.
(By courtesy of MAKO Surgical Corp.)

camera, and operator computer cart (B Fig. 12.1). The
distal end of the robotic arm is equipped with a high-
speed bone-resecting burr (8 Fig. 12.2). After sterile
draping of the patient’s leg and performing a tissue-
sparing exposure, reference optical arrays are placed
into the distal femur and proximal tibia using Stein-
man pins and also mounted on the robotic arm. After
a routine registration process, the robotic arm-
assisted resection process of the planned femoral and
tibial surface can be performed (B Fig. 12.3). The
surgeon moves the robotic arm by guiding the force-
controlled tip within the defined boundaries. While
inside the volume of bone to be resected, the robotic
arm operates without offering any resistance. As the
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@ Fig. 12.4 Intraoperative image during a robotic-assisted
unicompartmental knee arthroplasty. The main image shows
the burring process of the femoral bone surface. The inset is
a screenshot of the system showing the 3D visualization as a
guide for the surgeon. (By courtesy of MAKO Surgical Corp.)

B Fig. 12.6 The green area reveals the part of the femoral
bone still to be resected. (By courtesy of MAKO Surgical
Corp.)

burr approaches the boundary, the robotic arm
resists that motion and haptically keeps the burr
within the accepted volume (8 Fig. 12.4).

Itis recommended to perform first the tibial and
then the femoral resection. However, the specific
sequence can also be selected individually by the
surgeon. Permanent visual feedback on the naviga-
tion screen shows the actually achieved versus the
planned resection, which is based on the preopera-
tive planning (8 Fig. 12.5 and B Fig. 12.6).

Once both compartments have been prepared,
femoral and tibial component trials are inserted and
a full flexion - extension arc can be performed.
Computerized simulation of the implants reveals
the actual overlapping of the implant components,
giving the surgeon feedback about the actual leg
alignment and knee gap kinematics.

B Fig. 12.5 Screenshot showing the 3D visualization of
the planned tibial resection. The green area is a visual guide
for the surgeon showing the area still to be resected.

(By courtesy of MAKO Surgical Corp.)

B Fig. 12.7 Intraoperative situs showing the postoperative
result after implantation of the prosthesis. (By courtesy of
MAKO Surgical Corp.)

After acceptance of the implant positioning,
both components are cemented and a final analysis
of the implant kinematics and limb alignment is
made (B Fig. 12.7). The reference arrays and mini-
checkpoints are then removed and a standard
wound closure is performed.

12.4 Outcomes of Robotic-Assisted
Unicompartmental
Knee Arthroplasty

The Acrobot® (acronym for Active Constraint Ro-
bot) system, another tactile system with several
similarities to the RIO system, was introduced in
2001 (Jakopec et al. 2001). In a prospective random-
ized double-blind (patient and assessor) study,
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Cobb et al. (2006) presented the results of robotic-
assisted UKA using the Acrobot system compared
to conventional UKA. A total of 27 patients were
recruited in the study. In addition to the radiological
differences in the planned and achieved tibiofemo-
ral angles, the American Knee Society (AKS) score
and Western Ontario and McMaster Universities
osteoarthritis index (WOMAC) were evaluated in
all patients. In the robotic group, all of the patients
had tibiofemoral alignment in the coronal plane
within 2° of the planned position. However, in only
40% of the conventional group was this level of ac-
curacy achieved. There was also a significant differ-
ence in the AKS score between both groups, with a
mean increase of the AKS score twice as large in the
Acrobot system group. However, in the robotic-as-
sisted group, an additional operative time of 16 min
was required compared to the conventional tech-
nique. Another drawback of this system is the ne-
cessity of employing rigid intraoperative stabiliza-
tion of the bones in a stereotactic frame. Robotic
systems have now evolved to include dynamic bone-
tracking technologies so that rigid fixation is no
longer required.

Pearle et al. reported the first clinical series of
ten implanted UKAs using a robotic system with
dynamic bone-tracking technology (Pearle et al.
2010). No outliers or complications were noted in
the study. The difference between the planned and
the intraoperative tibiofemoral angle was less than
1° (Pearle et al. 2010).

Roche et al. (unpublished data) analyzed the
first 43 robotic-assisted UKAs using radiographic
measurements performed by an independent re-
viewer. Of the 344 radiographic measurements, only
three femoral components were considered to be
outliers. Hence, less than 1% of the measurements
were found to be outliers (Sinha 2009).

Sinha and colleagues (2009) reported on their
first 20 cases of robotic arm-assisted UKA. They
concluded that robotically assisted UKA has ex-
tremely accurate bone preparation relative to the
preoperative plan and is a reliably accurate tool.

In a recent study, Lonner et al. (2010) compared
the postoperative radiographic alignment of the
tibial component with the preoperatively planned
position with and without the use of robotics and
found a higher root mean square (RMS) error of the
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posterior tibial slope and a higher varus/valgus
RMS error with the conventional technique.

Coon (2009) found that the RMS error of the
posterior tibial slope was 2.5 times better, the vari-
ance was 2.8 times lower, and varus alignment 3.2°
better in the robotic group compared to the conven-
tional technique.

Based on an analysis of 223 robotic-assisted
cases using the MAKO platform contributed from
three centers, the complication rates and patient out-
comes were also analyzed (Sinha 2009). In total, six
revision surgeries (2.7%) were required because of
infection (n=2), femoral shaft fracture (n=1), arthro-
fibrotic band release (n=1), arthrotomy dehiscence
(n=1), and unexplained pain (n=1). Implant loosen-
ing, as a cause for revision surgery, was not reported
in these series. Moreover, a postoperative statisti-
cally significant improvement in range of motion
(ROM), Knee Society Score (KSS), WOMAC scores,
pain and stiffness was shown in these patients.

Despite the described advantages of robotic sys-
tems, there are also disadvantages. These mainly
include the high costs and longer surgery time. The
required preoperative CT scan and preoperative
planning increase the overall time, effort, and cost
(Swank et al. 2009). Learning curve issues associat-
ed with new techniques should also be considered.
However, the surgery time decreased after 20 cases
from 80-120 min to 40 min after integration of the
MAKO system into the operating room, as reported
by Coon (2009).

12.5 Conclusion

The use of robotic technology offers promising
short-term results compared to traditional conven-
tional orthopedic procedures. The technological
innovations and advances help the surgeon perform
a more precise surgery with preoperative planning
and robotic-assisted resection. However, financial
barriers and the lack of long-term prospective stud-
ies are still limiting factors to the widespread use of
robotic technology. Although the improved short-
term results of lower blood loss and faster rehabilita-
tion support the use of robotic technology, further
studies are required to identify whether robotic
technology truly improves the long-term outcome.
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