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Abstract
Background: To evaluate the clinical and radiological outcomes of aseptic revision of total knee arthroplasty (TKA)
using the Vanguard 360 Revision Knee System with the hybrid cementation technique.
Methods: Between January 2014 and October 2016, nineteen aseptic revision TKAs were carried out with the Vanguard
360 Revision Knee System (Zimmer-Biomet, Warsaw, IN, USA) performed by two different surgeons. The patients were
evaluated clinically and radiographically at one, six, and twelve months after surgery and yearly thereafter. Functional
outcomes were assessed according to the range of motion (ROM), knee society knee score (KSKS) and knee society
function score (KSFS). Radiological evaluations were performed using the hip-knee-ankle angle (HKA), weight-bearing
anteroposterior view, latero-lateral view, Rosenberg x-rays of the knee and skyline patellar x-rays. A triple-phase
technetium bone scan was performed on all the patients complaining of knee pain after one year from surgery.
Results: Clinical and radiological results including KSKS, KSFS, ROM and HKA angle improved after revision of
TKA with a statistically significant difference (P<0.05). There were seven revisions of the CCK prosthesis due to
persistent pain.
Conclusion: Patients who underwent revision of TKA using the Vanguard 360 with the hybrid cementation technique
had a failure rate of 36.8% at a mean time of 29 months due to aseptic loosening. Further studies are required to
analyse the role of cementation in detail to prevent this complication.
Level of evidence: IV
Keywords: Hybrid cementation, Knee revision, Vanguard 360

Introduction
he primary goal of revision of total knee arthroplasty
(TKA) is to obtain a stable and functional prosthesis.
This can be achieved by different types of implants
such as posterior-stabilized (PS), constrained condylar
knee (CCK), and fully constrained rotating-hinge knee
(RHK) prostheses according to the bone stock and
ligament stability (1,2).
In case of revision of an unicompartmental knee
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arthroplasty (UKA) or a TKA with valid collateral
ligaments, a standard PS implant might be used. A
CCK prosthesis is considered if one or both collateral
ligaments are deficient. In case of deficiency in both
collateral ligaments and/or an important loss of bone
stock, an RHK implant is generally preferred (1,2).
According to the literature, the outcomes after revision
of TKA are less encouraging than those after primary
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TKA with failure rates of 11% – 60% being reported in
series with a relatively short follow-up (3,4). The reasons
for these poor results are numerous, including poor bone
stock, high infection rate, extensor mechanism failure,
malalignment, and ligament instability (1-4).
In last few years, the Vanguard 360 Knee Revision
System (Zimmer-Biomet, Warsaw, IN, USA) was
developed for revision of TKAs. It is the second generation
of the Vanguard Super Stabilized Knee (SSK, ZimmerBiomet, Warsaw, IN, USA) with a right and left femoral
component, modular stem extensions for both femoral
and tibial components, more off-set options, and a new
locking mechanism for the tibial polyethylene insert (5).
The purpose of this study is to evaluate the clinical
and radiological outcomes of revision of TKA using the
Vanguard 360 Knee Revision System. Since this is a
relatively new type of implant that was introduced in the
United States in May 2011, the literature on this implant
is scarce with only one available report (6)

mechanism, absent posterior cruciate ligament, and
moderate bone loss. In these cases, the prosthesis
should have a weight-bearing intramedullary stem to
transfer stress lines to the cortical bone. General data is
summarised in Table 1.
In case of suspected infection, in addition to routine
blood tests, including white blood cells, ESR, and
C-reactive protein, a joint fluid sampling and scintigraphy
with labeled leukocytes were performed. In no case were
there any signs of infection.
The patients were evaluated clinically and with x-rays
at one, six and twelve months after surgery and yearly
thereafter. The functional outcomes were assessed
according to the range of motion (ROM), knee society
knee score (KSKS), and knee society function score (KSFS)
(8). The clinical results were rated as excellent (80–100
points), good (70–79 points), fair (60–69 points), or poor
(less than 60 points).
Knee ROM was assessed using a standard longarm
goniometer to measure flexion and extension.
Measurements were performed as reported by Hancock
et al. (9).
Radiological evaluations were performed using the hipknee-ankle angle (HKA), weight-bearing anteroposterior
view, latero-lateral view, Rosenberg x-rays of the knee and
skyline patellar x-rays. An independent observer, who
was not involved in the study, assessed the radiographs
for the alignment of the limb, position of the components,
and presence and location of all radiolucent lines (RLL) at

Materials and Methods
Between January 2014 and October 2016, nineteen
aseptic revisions of TKAs were carried out by two different
surgeons, out of which 17 of them were by Surgeon 1 and
2 of them by Surgeon 2, using the Vanguard 360 Revision
Knee System.
The indications for using this prosthesis were similar
to those described by Insall et al. (7): deficient medial
or lateral collateral ligament with intact extensor

Table 1. General data, date of first and second revision, type of implant are described
Patient

Sex

Age

BMI

ASA grade

Side

1 implant

2 implant

Time between 1 and 2 revision

1

F

74

33.3

II

Left

Vanguard 360

LCCK

24 months

3

F

69

31.1

II

Right

Vanguard 360

LCCK

42 months

II

Left

Vanguard 360

LCCK

34 months

2
4
5

F
F
F

6

M

8

F

7
9

10
11

F
F
F
F

12

M

14

F

13
15
16

F
F
F

17

M

19

F

18

M

68
73
58
69
71
73
74
76
66
79

29.4
27.3
24.3
28.7
31.2
35.5
31.2
26.5
29.7
33

II
II
II

Left
Left
Left

II

Right

II

Right

II

Right
Right

II
II
II

Left
Left

Right

68

37.2

III

76

38.5

III

Right

37.1

II

Left

76
67
65
66
61

31.8
32.8
30.1
28.3

II
II
II
II

Left
Left
Left

Right

Vanguard 360
Vanguard 360
Vanguard 360

LCCK

16 months

Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360

LCCK

15 months

Vanguard 360

LCCK

43 months

LCCK

32 months

Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360
Vanguard 360
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the cement-bone interface according to the knee society
guidelines (10). A triple-phase technetium bone scan
was performed on all the patients complaining of knee
pain one year after the surgery. All the patients signed
informed consent forms to be included in the study.

Surgical technique
Prophylactic antibiotic with two grams of cephazolin
was administered 30 minutes before skin incision. All
the cases were performed without a tourniquet. All
surgical procedures were performed with patients in
supine position under the influence of spinal anesthesia.
A longitudinal skin incision was performed on the
previous scar. A medial parapatellar arthrotomy was
performed and where it was necessary the approach
was lengthened both proximally and distally to have
a full vision of the joint; after scar tissue excision and
prosthesis were removed, bone defects were evaluated
to choose the appropriate augments if necessary. All
the implants were fixed using the hybrid technique:
cement fixation of the femoral or tibial metaphysis and
the femoral or tibial cut surface, but press-fit fixation
of the femoral or tibial component stem; a femoral
and tibial modular stem was used in all the cases with
appropriate augments to fill bony defects, and obtain
restoration of the joint line and, consequently, good
stability. Cemented splined stems, which were doubleflanged stems in 14 femurs and six tibias (the design
varied according to the stem diameter) as opposed
to grit blast or smooth stems were used in all cases.
Routine closure was performed over a close-suction
drain, which was removed 24 hours postoperatively.
750mg of tranexamic acid, peri-articular as previously
published, was administered intravenously in all the
patients (except those with contraindications) before
skin incision, after 3 hours, and intraoperatively (11).
Rehabilitation protocol
Rehabilitation using a continuous passive motion
machine and physical therapy was performed six hours
after surgery. Able patients started to walk six hours after
surgery with partial weight-bearing (30%) using two
crutches for the first 30 days, followed by progressive
weight-bearing. In other cases, they started from the
day after surgery. Rivaroxaban was administered at
a dose of 10 mg per day for 35 days after surgery for
thromboembolism prophylaxis (12).
Statistical analysis
All the data was checked for normality with the use
of the Shapiro-Wilk W test. Comparisons between the
preoperative and postoperative data were done with
paired T-test for normal distribution and Wilcoxon test
for skewed data. A value of p < 0.05 was considered to
be significant. Kaplan-Meier curves were used in the
analysis of rate of survival of the prostheses.

Results
The average follow-up time for the Vanguard 360
implant was 33.6 months. The clinical and radiological
outcomes of Vanguard 360 implant, including KSKS, KSFS,
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ROM, and HKA angle, improved after revision of TKA
with a statistically significant difference (P<0.05). The
average KSKS improved from 41 to 76 when the range
improved from 31–53 to 52–83 and the average KSFS
improved from 39 to 65 when the range improved from
30–48 to 53–72, at the last follow-up. Four patients had
an excellent result (80–100), seven patients had a good
result (70–79), five had a fair result (60–69), and two had
a poor result (less than 60). The average range of motion
improved from 87 (range 76–93) to 98 (range 92–110).
The overall limb alignment improved from an average of
2.3° varus to 1° varus when the range improved from 9°
varus–7° valgus to 8° varus–3.5° valgus, at the last followup. The radiolucency was relatively common: eight knees
(or 42 %) had at least 1 mm radiolucency around the
femoral (7) (4 for zone 4; 3 for zone 1) and tibial (4) (2 for
zone 3; 1 for zone 1; 1 for zone 2) stem [Figure 1]. Four of
these femoral stems were double-flanged; regarding the
tibia, 2 were double flanged. No RLLs were located at the
patellar component.
Seven revisions of the CCK prosthesis were conducted
due to persistent pain (6 by Surgeon 1 and 1 by Surgeon
2). All the revisions were performed using the legacy
constrained condylar knee (LCCK) (Zimmer-Biomet,
Warsaw, IN, USA). The average time for the second
revision was 29 months (range of 15–43 months). All the
revised patients were female with an average age of 71.4
years (range of 61–80) and an average BMI of 31.4 (range
of 24.3–38.5). Two of these patients (in cases 1 and 19)
were operated in another hospital and one of them
received a patellar replacement before our revision, but
without a symptom relief. Case 5 underwent a revision
of the femoral component with another Vanguard 360
modular component before the final revision with LCCK.
All these patients underwent a triple-phase technetium

Figure 1. Antero-posterior and latero-lateral x-ray views of
Vanguard 360 Knee Revision System. The arrows indicate
radiolucent lines around the femoral stem.
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bone scan which showed bone hyperactivity of femoral
component in four of them and tibial component in
two of them while one patient reported hyperactivity
of both tibial and femoral components. In all the cases,
RLLs were visible. In all the seven cases, the blood tests,
including erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP), were within normal range and
the intraoperatively taken tissue samples were negative
for cultures.
After the second revision with LCCK, the clinical results
and ROM of the seven patients improved significantly (p
< 0.05): KSKS improved from 37 to 74 when the range
improved from 33–45 to 68–80, KSFS improved from 35
to 68 when the range improved from 33–42 to 62–71, and
ROM improved from 81° to 95°when the range improved
from 70°–84° to 90°–103°. At the radiological evaluation,
the HKA had an average of 1.5° varus with a range of 3°
varus–1.5° valgus. No radiolucency was observed around
the femoral and tibial components at the last followup. Prosthesis removal was considered as the implant
endpoint for any reason. The implant survival rate of the
Vanguard 360 system at short-term follow-up, which is
an average of 36 months, was 63%.
No complications regarding the use of Rivaroxaban
were reported in our cohort.

Discussion
The most important finding of this study was that the
patients who underwent aseptic revision of TKA using
the Vanguard 360 revision system had a revision rate of
36.8% at an average rate of 29 months. The functional
evaluation using KSKS and KSFS showed a statistically
significant improvement concerning preoperative
analysis; the RLLs were similar to those reported in other
studies, but the failure rate was higher than in other
reports (13-16).
The reported clinical outcomes of revision of TKA
performed with CCK are conflicting. The range of
failure rates is 11–60% according to recent literature
(13-16). The poor results have been attributed to
several factors such as reduced bone stock, extensor
mechanism problems, ligament instability or soft tissue
incompetence, progressive RLLs, and higher rates of
infection. On the other hand, Insall and Dethmers (17)
reported good and excellent results in 89% of their 72
revisions of TKAs, whereas Goldberg et al. (18) reported
only 46% of good or excellent results in their 59 revisions
of TKAs. Some authors (13-16,19) found high rates of
extensor mechanism problems: for example, Stuart et al.
(19) reported these problems as the cause for reoperation
in 41% of the 60 cases of revisions of TKAs.
We found only one paper that dealt with the functional
results of Vanguard 360 Knee Revision System: Morris
et al. (2013) (6) where the results of 101 consecutive
revisions of TKAs reporting a survival rate of 96% at
the short-term follow-up (1 year) were presented. They
did not specifically mention the fixation technique; 1
aseptic loosening and 3 infections were reported as the
causes for implant failures. Four RLLs were described
in the femoral and tibial components. Regarding the
Vanguard SSK revision system, we found three papers
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in the English literature: in 2009, Peters et al. (20)
reported outcomes of 184 revisions of TKAs using
Maxim and Vanguard SSK systems (Zimmer-Biomet,
Warsaw, IN, USA) where all the cases were performed
with cement fixation of the metaphysis and press-fit
cementless fixation of the fluted titanium stem. They
reported 15 failures due to aseptic loosening in 2
cases and infection in 13 cases. In 2016, Lackey et al.
(21) reported the outcomes of 297 primary cases and
revisions of TKAs using the Vanguard SSK system; they
did not mention the fixation technique. In this case, the
survival rate at 4.8 years was 92.6%. In 2017, Crawford
et al. (22) presented the results of 278 revisions of
TKAs performed with the Vanguard SSK. They used the
hybrid fixation technique in most of the cases, for 91%
of femoral components and 93% of tibial components.
They had 13 revisions for aseptic loosening, out of
which, only 1 femoral stem was fully cemented whereas
all the other femoral and tibial stems were press-fit
with only cement in the metaphysis.
One of the most studied CCK revision systems is the
LCCK (Zimmer-Biomet). Some authors (23-28) reported
good results: Kim et al. (24) reported that in 114 cases of
revisions of TKAs, KSKS improved from 35 to 90 points
and KSFS improved from 16 to 64 points; Lee et al. (25)
reported that in 79 cases of revisions of TKAs, KSKS
improved from 48.3 to 88.8 and KSFS improved from 36.9
to 73.4. Ye et al. (26) reported 92% of good or excellent
results with a follow-up of 5.5 years in a group of primary
cases and revisions of TKAs using CCK. The survival rate
ranged between 88.5% and 100% [Table 2].
The RLLs on the radiographs represent one of the main
features in knee arthroplasty failure and can be the first
sign of initial implant loosening and failure. Several
studies have reported that RLLs occur more often after
revision than after primary TKA. Rosenberg et al. (10)
found 60% of RLLs in a series of 36 patients; Kim et
al. (24) presented a series of 114 knees where 31% of
RLLs around the tibial component and 18% around the
femoral component were identified. In other studies,
the occurrence of RLLs was reported to range from 36%
to 72% after revision of TKA with the use of various
implants (27-29).
Implant fixation techniques can be classified into
three types according to cement application over
the prosthesis: full cementation technique, hybrid
technique (cement fixation of the femoral or tibial
metaphysis, and the femoral or tibial cut surface but
press-fit fixation of the femoral or tibial component
stem), and surface cementation technique. Full
cementation has the advantage of immediate and secure
fixation with a disadvantage of difficulty to remove
the cement in case of revision. According to Cawley et
al. (30), the full cementation technique reduces bone
stress over the baseplate and decreases the possibility
of aseptic loosening of tibial component. Mumme et
al. (31) suggested full cementation for large bone
defects or osteoporosis. Whaley et al. (32) reported
excellent results and a high survival rate with the full
cementation technique in revision of TKAs with CCK.
On the other hand, Greene et al. (33) and Sah et al. (34)
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Table 2. Literature review of recent series on CCK-type implants
Author
Nakano et al.
(23)
Kim YH et al.
(21)
Lee JK et al.
(22)

Hwang SC et
al. (20)
Cholewinski
et al. (33)
Kwon KT et
al. (34)
Ye CY et al.
(24)

Morris MJ et
al. (12)
Peters CL et
al. (17)

Lackey WG et
al. (18)
Crawford DA
et al. (19)

Current study

Cases

Follow-up
(years)

KSKS
(mean)

KSFS
(mean)

Survival
rate

Causes of failure
(implant removal)

Type of
prosthesis

HKA
(mean, °)

Radiolucent
lines > 1 mm

41

4.1

82.9

79.2

97.5%

1 infection

LCCK

174.9

Not reported

114

7.2

90

64

96%

3 aseptic loosening and 2
infections

LCCK

174.5

4%

79

5.3

88.8

73.4

93%

4 infections and 1 aseptic
loosening

LCCK

174

41%

15

2.4

81

85

100%

None

LCCK

176.9

18%

43

11

90

61

88.5 %

2 infections and 1
instability

LCCK

179.5

50%

18

6.7

84.8

63.6

94.5%

1 infection

LCCK

5 valgus

27.8%

47

5.5

80

85

95%

2 infections

LCCK

4%

101

1

78

48.4

96%

1 aseptic loosening, 3
infections

Not
reported

Vanguard 360

184

4

85

82

92%

297

4.8

77.4

66.3

92.6%

278

6

78.6

54.5

84%

19

2.7

76

65

63.1%

achieved good results while using hybrid cementation
techniques in revision of TKAs using CCK, which is very
useful in case of implant re-revision. Cemented stems
increase the area of cement fixation to the host bone,
but their removal can be very difficult. All the implants
in this study were fixed with the hybrid cementation
technique (35-37) since avoiding cement in the femoral
or tibial canal makes re-revision easier to perform.
Controversy still exists regarding the fixation method
and whether the entire portion of the stem should be
cemented or not.
If we consider prosthesis removal as implant failure,
our results are poorer compared to the CCK literature.
Table 2 shows the survival rates of LCCK—the most
used and studied CCK prosthesis. In most cases, the

2 aseptic loosening and 13
infections
12 infections, 3 aseptic
loosening, 7 other causes
25 aseptic loosening, 10
infections
7 aseptic loosening

Maxim and
Vanguard SSK
Vanguard SSK
Vanguard SSK

Vanguard 360

Not
reported
Not
reported
Not
reported
Not
reported
179

4%
7%
Not reported
3.9%
42%

causes for implant failure were infections in which
case the long-term follow-up survival rate ranges from
85% to 100%. In this study, we included only patients
that reported failure due to aseptic loosening. During
surgery, no cases of implant instability were recorded. If
it is assumed that one of the possible cause of failure was
the hybrid cementation technique then we advocate the
full cementation technique for this kind of prosthesis.
There are some limitations to this study. Firstly, a
retrospective and non-comparative design was used.
Secondly, the study included a small cohort of patients
which might be insufficient for assessing clinical and
radiological results. However, due to the relatively rare
indication and high failure rate in this small cohort, we
believe that the series contains important data on this
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relatively new implant system.
Patients who underwent revision of TKA using the
Vanguard 360 with the hybrid cementation technique
had a failure rate of 36.8% at a mean time of 29 months
due to aseptic loosening. Further studies are required to
analyse the role of cementation in detail to prevent this
complication. We advocate other studies to compare our
results and to find a relationship among cementation
technique, stem type and dimension, and bone quality in
the case of osteoporosis.
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