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Background: In primary total knee arthroplasty (TKA), there is ongoing controversy about optimal fix-
ation (cemented vs cementless). Cemented TKA remains the gold standard, with the largest body of long-
term evidence available to support it. However, cementless TKA implants are gaining popularity due to
potential biomechanical advantages and a growing body of literature supporting survivorship. Due to
paucity of literature investigating fixation methods in robotic-assisted TKA (Ra-TKA), we aim to compare
clinical outcomes of cementless Ra-TKA with those of cemented Ra-TKA.
Methods: This is a retrospective cohort study of patients who underwent Ra-TKA by 19 surgeons
comparing results of cases using cementless vs cemented fixation. We observed short-term complica-
tions, emergency room visits, and readmissions. We collected patient-reported outcomes measurement
information system and knee injury and osteoarthritis outcome scores preoperatively and 12 weeks after
surgery.
Results: A total of 582 TKA cases were included: 335 cementless and 247 cemented. The patients in the
cementless group were younger and had a higher body mass index. The cemented group had a higher
rate of return to the operating room, with manipulation under anesthesia for stiffness being the most
common indication in both groups. There were no statistically significant differences in 30-day read-
missions, 90-day emergency room visits, or patient-reported outcomes.
Conclusions: Our retrospective study demonstrated higher return to operating room in the cemented
group vs the cementless group. We reported no differences in any other short-term outcomes between
the cementless and cemented Ra-TKA. Our data support efficacy and safety of cementless Ra-TKA at 3-
month follow-up.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction Cementation is considered the current gold standard for fixation

[4,5], supported by the largest body of long-term evidence [6].

Aseptic loosening remains the most common indication for
revision surgery in the United States [1] and according to world-
wide registry data [2]. According to worldwide registry data pooled
in a study in 2016, the 10-year risk of revision after total knee
arthroplasty (TKA) is 5%, with aseptic loosening accounting for 30%
of revisions [2]. Obesity and younger age are known risk factors for
aseptic loosening [3].
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However, the optimal fixation for TKA remains controversial [7].
The theoretical advantage of cementless fixation in TKA is that it
relies on osseointegration; once this occurs, the only mechanisms
for loosening are osteolysis or sepsis [6]. In cemented TKA, the tibial
bone-cement interface is vulnerable to failure with cyclical loading,
especially in obese, young patients [7,8]. Abdel et al. showed
increased risk for tibial aseptic loosening in cemented TKA patients
with a body mass index >35 kg/m? even with well-aligned com-
ponents [9]. Many studies have shown equivalent survivorship
between cemented and cementless TKA [7,8,10,11]. Smaller,
shorter-term studies have shown improved survivorship of
cementless TKA in morbidly obese patients [12,13].
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The computerized tomography—based robotic-assisted system
MAKO system (Stryker, Mahwah NJ) became available in 2016.
Robotic-assisted TKA (Ra-TKA) has gathered momentum as a
method to improve surgical accuracy and patient outcomes [14].
The data comparing Ra-TKA to conventional TKA have mixed re-
sults; many of these studies have small sample sizes and short-term
follow-up intervals [14]. Several studies have demonstrated
improved postoperative pain scores, functional outcomes, and
diminished inpatient opioid requirements with Ra-TKA compared
to conventional TKA [15-19]. A PRISMA systematic review on MAKO
system demonstrated reduced analgesia requirements during the
hospitalization and lower 90-day episode of care costs compared to
conventional TKA [20]. However, larger studies have not consis-
tently replicated these differences; a randomized controlled trial
with 10-year follow-up showed no differences in outcomes be-
tween conventional TKA and Ra-TKA [21]. According to the Amer-
ican Academy of Orthopedic Surgeons clinical practice guideline
from 2022 commenting on robotic vs conventional TKA, strong
evidence shows “no difference in function, outcomes, complica-
tions in the short term.” [22]

To date, only one study has compared cementless Ra-TKA to
cemented Ra-TKA [23] and they found no differences in survivor-
ship or complication. This study was a single-surgeon series
comparing 72 cemented cases to 380 cementless Ra-TKA. The aim
of our study was to replicate this study with multiple surgeons and
a larger cohort, comparing clinical results, survivorship, and com-
plications in Ra-TKA cementless vs Ra-TKA cemented. Our hy-
pothesis was that our study would have results similar to those of
McCormick et al. [23], showing no significant differences in short-
term outcomes.

Material and methods

Our design was a retrospective cohort study of patients who un-
derwent Ra-TKA by 19 arthroplasty surgeons at either of 2 hospitals
within the Hartford HealthCare System in Connecticut, United States.
These hospitals are part of the Connecticut Orthopaedic Institute in
which protocolization is replicated between the sites. Cases were
performed from January 2022 to March 2023. Institutional review
board approval was obtained. The case list was extracted retrospec-
tively from monthly reports that were issued as a part of clinical
practice. Inclusion criteria were patients of any gender, race/ethnicity,
and at least 18 years of age who underwent primary Ra-TKA. Exclu-
sion criteria were body mass index >50 kg/m? or concurrent surgical
procedure at the time of TKA. Data were extracted from medical re-
cords and included patient demographics, fixation method during
Ra-TKA (cementless vs cemented), in-hospital complications, 30-day
readmissions, 90-day emergency room visits, and reoperation. We
also recorded patient-reported outcomes preoperatively and 12
weeks after surgery via the patient engagement platform used at
Connecticut Orthopaedic Institute.

Patient-reported outcomes

Patient-reported outcomes were collected as a part of routine
practice. The Knee injury and Osteoarthritis Outcome Score for joint
replacement is a validated, widely used, patient-reported outcome
created using 7 items from the original, longer Knee injury and
Osteoarthritis Outcome Score survey. Raw responses are summed
and converted to a score from 0-100 using a table; a score of O de-
notes “total knee disability,” whereas a score of 100 denotes “per-
fect knee health.” [24]

The patient-reported outcome measurement information sys-
tem is a widely available, validated assessment that observes
physical health, general mental health, and generalized satisfaction

with quality of life. It consists of 10 items and yields a score up to 20,
with higher values indicating a better positive quality of life [25].

Robotic-assisted TKA

All cases were performed using the MAKO robotic arm and used
the Stryker Triathlon Knee components which has cementless (as
shown in Fig. 1) and cemented implant options (Stryker, Mahwah
NJ). MAKO robotics requires a preoperative computerized tomogra-
phy scan and 4 pins to be placed to support the arrays (2 tibial, 2
femoral pins). There are either 4.0-mm or 3.2-mm pins available
from the manufacturer; selection is based on surgeon preference.
The tibial pins are typically placed distal to the TKA incision through
2 small incisions, although per surgeon preference they may be
placed intraincisionally. The femoral pins may be placed proximal to
the TKA incision through 2 anterior thigh small incisions or may be
placed in the medial metaphyseal femoral bone through the stan-
dard TKA incision. After exposure is performed, the tibia and femur
are registered and matched to the computerized tomography scan
using probes. Prior to making bone cuts, the ligaments are tensioned.
The planned position of the femoral and tibial components may be
modified precisely in any plane using the computer software oper-
ated by a Stryker technician, with the goal of creating balanced gaps,
selecting appropriate sizing, and position. The robotic arm is
attached to the saw which guides the planned cuts without any
cutting blocks. Care must be taken to protect soft-tissue structures.
The robotic arm is pulled away from the field and trialing proceeds. If
desired, the robotic arm may be reintroduced, and adjustments may
be made to any cut by changing the planned position of components
on the computer system. If the patella is resurfaced, it is performed
manually without the robotic arm. The femoral and tibial cuts for
both cementless and cemented components are identical, so the
surgeon may decide to use cementless vs cemented components at
any point during the case. The decision to use cementless vs
cemented was at the discretion of the surgeon and the reason was
not documented. Due to the retrospective nature of the study, there
were no predetermined criteria to make the decision between
cementless and cemented implants.

Postoperative care

Both hospitals included in the study are of high volume, certified
total joint centers with standardized protocols and order sets. The
majority of patients received preoperative nerve blocks, local
anesthesia intraoperatively, and multimodal pain control post-
operatively. Spinal anesthesia is used when possible. There is
emphasis on early physical therapy and home discharge when
appropriate.

Statistical analysis

Power analysis was performed prior to data collection and a
sample of 582 was found to be necessary for 80% power. Contin-
uous variables were analyzed using independent sample t-test
(normal distribution was confirmed). Categorical variables were
analyzed using Pearson Chi-square test. Significance level was set at
a P value of .05. All analyses were generated with SPSS v. 26 (IBM;
Armonk, NY 2019).

Results
Demographics

The demographics of our study sample are described in Table 1.
A total of 582 TKAs performed; 335 cementless and 247 cemented.
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Table 1
Demographics.
Variable (unit) Total cases (n = 582) P value
Cementless cases  Cemented cases
(n = 335) (n = 247)
Age, y (mean + SD) 67.3 £ 8.7 72.0 + 8.7 <.001?
BMI, kg/m? (mean + SD) 322 +52 30.6 + 54 <.001°
Gender %
Female 50.7 70 <.001"
Male 49.3 30
Other 0 0
ASA class %
I 1.2 0.8 551
Il 46.9 449
111 50.4 51.8
I\% 0.3 1.2
Insurance type %
Commercial 35.8 25.9 .012¢
Managed Medicare 35.2 36
Medicaid 5.7 4.5
Medicare 224 33.2
Race %
Black/African-American 11.6 53 .045°
Hawaiian/Pacific Islander 0.9 0.8
White 75.8 78.9
Asian 0.6 1.6

ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard
deviation.
Age and BMI reported with t-test; gender, ASA class, Insurance type, Race reported
with Chi-squared test.

@ Denotes statistical significance at P < .05.

The cementless group was significantly younger than the cemented
group (mean age 67.3 + 8.7 years vs 72.0 + 8.7 years; P < .001). The
cementless group had a higher body mass index than the cemented
group (32.2 + 5.2 kg/m? vs 30.6 + 5.4 kg/m?, P < .001). The overall
sample was 58.9% women. Sixty-nine percent of men received
cementless implants, whereas 49.6% of women received cement-
less implants (%% (1,N = 582) = 21.9, P < .001). The distribution of
insurance coverage is shown in Table 1. The percent of patients with
commercial insurance that received cementless implants was the
highest (65.2%), followed by Medicaid (63.3%), managed Medicare
(57.0%), and standard Medicare (47.8%) (%2 (3,N = 582) = 11.0, P =
.012). The frequency of White/Caucasian patients in our sample was
highest (87.7%), followed by Black/African American (10.2%), Asian
(1.3%), and Hawaiian/Pacific Islander (1.0%). There were differences
in frequency of cementless TKA by race: 75% of Black/African
American patients received cementless implants, followed by 60%
of Hawaiian/Pacific Islander, 56.6% of White/Caucasian patients,
and 33.3% of Asian patients (%> (3,N = 582) = 8.0, P = .045).

Patient-reported outcomes

There were no differences between cementless and cemented
groups in preoperative patient-reported outcomes and 3-month
patient-reported outcomes. There were also no differences in the
change between preoperative and 3-month patient-reported out-
comes (see Table 2).

Complications, readmissions, discharge disposition

There were no differences between cementless and cemented
groups in 30-day readmissions, 90-day return to the emergency
room, nor discharge disposition (see Table 3). There were 9 cases
with a 30-day readmission: 5 (1.5%) in the cementless group and 4
(1.6%) in the cemented group (P = .880). The 90-day return to ED
rate was 6.6% in the cementless group and 6.9% in the cemented

Table 2

Patient-reported outcomes.
Variable Cementless Cement P value
PROMIS Global preop 121,353 +5.9 141,343 + 6.6 .087
PROMIS Global 3 month 116,37.1 + 5.5 143,379 + 5.9 183

KOOS preoperatively
KOOS 3 mo

123,519+ 114
117,679 + 11.0

139,535+ 133 161
140, 69.5 + 12.5 149

Pain score preoperatively 250,59 + 2.1 201,57 £ 2.1 114
Pain score 3 mo 228,29+ 21 196,26 + 1.8 151
PROMIS difference 112,2.0 + 6.3 127,33 £ 5.5 .088
KOOS difference® 112,16.3 + 14.1 124,16.2 + 15.2 976
Pain score difference® 219,31 +£25 180,3.0 + 2.3 .996

KOOS, knee injury and osteoarthritis outcome score; PROMIS, patient-reported
outcome measurement information system.
All values n, mean + SD.

2 Differences were calculated based on 3-month score minus preoperative score;
negative values mean the 3 month score was lower than that preoperatively.

group (P = .496). The majority of patients in both groups were
discharged home with or without home health services. In the
cementless group, 3.6% of cases resulted in discharge to a skilled
nursing facility, and in the cemented group 4.9% of cases resulted
discharge to a skilled nursing facility (P = .438).

Return to the operating room

There were 13 reoperations performed on the cemented group
and 6 reoperations performed on the cementless group. The
cemented group had a significantly higher rate of return to the
operating room compared to the cementless group (XZ (LN =
582) = 5.4, P = .020). Stiffness treated with manipulation under
anesthesia (MUA) was the most common indication for return to
the operating room in both groups — the MUA rate in the
cementless and cemented groups was 0.9% and 2.8%, respectively
(see Table 4). Four superficial irrigation and debridements were
performed for superficial wound complications, none of which
involved opening the fascial layer and exchanging hardware. There
was a 2-week postoperative periprosthetic femur fracture in the
cemented group which was treated with a retrograde nail. There
was one medial epicondyle femur fracture in the cemented group
that was fixed acutely and required a removal of hardware 6 weeks
postoperatively due to prominent screws. In the cementless group,
there was one revision for patellar maltracking. One patient in the
cementless group suffered an acute popliteal vein deep vein
thrombosis 1 week postoperatively, which was treated with an
inferior vena cava filter.

Discussion

In our retrospective cohort, we found that the cemented group
had a higher rate of return to the operating room than the
cementless group (1.8% vs 3.3%). This differs from the single sur-
geon study by McCormick et al., which found no differences [23].
The most common indication for return to the operating room in
both groups was MUA for stiffness. The MUA rate in the cementless
vs cemented group was 0.9% vs 2.8%, respectively. There were 3
superficial wound complications in the cemented group and 1 in
the cementless group. Other indications for return to OR in the
cemented group included a periprosthetic femur fracture and a
medial epicondyle fracture fixation that required removal of
hardware. The cementless group had 1 revision for patellar mal-
tracking and 1 patient who required an inferior vena cava filter for
an acute deep vein thrombosis. These results are challenging to
interpret because the characteristics of each group differ: the
cementless group had a higher proportion of young patients, male
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Table 3
Complications, readmissions, discharge disposition.
Variable Number of patients P value (y?)
Cementless Cemented
30-d readmission
No 330 243 .880
Yes 5 4
90-d return to ER
No 313 230 496
Yes 22 17
Discharge disposition
Home/Home health 323 234 438
Skilled nursing facility 12 12

ER, emergency room.

patients, and obese patients. It is not appropriate to attribute these
differences to the implant choices.

We found no differences in patient-reported outcomes between
cementless and cemented Ra-TKA. Surprisingly, we found that the
majority of the cases at our institution that were being done using
robotic technology also were using press fit technology. Our study’s
results are similar to the results of the only other study comparing
cementless vs cemented Ra-TKA, which was a single surgeon series
[23]. Our series included 19 surgeons between 2 hospitals within a
single healthcare system and had a larger patient population.

Cementation remains the “gold standard” for TKA implant fix-
ation due to its reliable track record and large body of long-term
evidence supporting its use [5,7,26]. However, the debate on the
optimal fixation method for TKA remains ongoing. Many large
studies show no differences in outcomes between cementless and
cemented TKA [7,8,10,11,27,28]. A systematic review and meta-
analysis with 7 studies and a mean follow-up of 7 years found no
differences between cemented and cementless TKA [29]. Cemen-
tation in TKA is advantageous in patients with poor bone quality; it
offers immediate fixation and allows the ability to add antibiotics in
complex cases [30]. Aseptic loosening, one of the most common
causes of TKA revision [1,2], may occur at the bone cement interface
or the metal implant may debond from the cement [30].

Cementless TKA has been of interest due to the theoretic ability
to achieve bony ingrowth and a more durable biologic fixation
[23,30]. The 1980s and 1990s saw the emergence of cementless TKA
implants which had early failures with ingrowth, and were sus-
ceptible to osteolysis, [23,26,30] particularly at the tibial implant
[30]. TKA patients are getting younger, more obese, and more
active, [7,30] which increases our need for durable, long- term
fixation. Despite the studies listed previously showing equal sur-
vivorship between cementless and cemented TKA, some studies
have shown increased survivorship of cementless TKA in morbidly
obese patients [12,13]. As cementless TKA use increases, the body of
evidence describing its long-term outcomes will continue to grow.

Table 4
Return to OR.

Reason for return to OR Number cases with return to OR

Cementless Cemented
(n=6) (n=13)
MUA for stiffness 3 7
Superficial irrigation and 1 3
debridement
Periprosthetic fracture - 1
Removal of hardware - 1
Revision for patellar maltracking 1 -
IVC filter insertion for DVT 1 -

DVT, deep vein thrombosis; IVC, inferior vena cava; MUA, manipulation under
anesthesia.

Figure 1. Photograph demonstrating the porous titanium coating on the undersurface
of the cementless femoral, tibial, patellar components. The porous titanium surface is
added layer by layer to the baseplate using focused laser. The mean porosity of the
tibial baseplate is 68%.

The benefits of robotic-assisted TKA vs conventional TKA are
mixed in the literature. The American Academy of Orthopedic
Surgeons clinical practice guideline updated in 2022 affirms using
“strong evidence” that there is no difference in function, outcomes,
complications in the short term between Ra-TKA and conventional
TKA [22]. Ra-TKA improves the accuracy of implant position [31]
and has been shown to improve radiologic outcomes [32], but this
has not consistently shown better functional or clinical outcomes in
larger studies [21,31-34]. Despite these findings, there are studies
showing less postoperative pain, better functional outcomes, and
diminished opioid requirements with Ra-TKA vs conventional TKA
[15-19]. Our study did not compare Ra-TKA to conventional TKA,
which is an important direction for future research.

Limitations of this study include the retrospective design; pa-
tients are not randomized which introduces selection bias into the
data. There were no consistent criteria to determine whether
cementless implants were used — the decision-making by each of
the 19 surgeons in the study group varied. Certain surgeons made
decisions preoperatively based on characteristics such as patient
age, gender, or deformities; others decided based on bone quality
during surgery. This created inconsistency, variability and bias
within our data set which is a significant limitation. Our data did
not include data on pain scores or medication usage within the first
several weeks after surgery which would have been valuable.

Additionally, we did not include data on cruciate-retaining vs
posterior stabilized implants, which may be an undetected con-
founding variable. We also did not include data on tourniquet us-
age. Our follow-up was short term, so we are not able to make any
inferences about long-term survivability. It will be important to
follow these patients in the long term to see whether cementless
robotic TKA provides an optimal construct.

There are surgeons who believe that performing cementless
TKA using robotics may optimize the accuracy of cuts and may
result in longer survivorship compared to cemented robotic TKA or
manual cementless TKA, but longer follow-up will be needed.

Conclusions

Our retrospective review with short-term follow-up at 3 months
showed a higher rate of return to the operating room in the
cemented group vs the cementless group. This likely reflects the
differences in the characteristics of the groups. There were no
patient-reported outcome differences between cementless Ra-TKA
and cemented Ra-TKA. Further research is needed to observe the
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long-term differences between these fixation methods and how
they are affected by robotic-assisted techniques. Longer term re-
sults are needed to see if there is any difference in survivorship.
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