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Instability following primary total knee arthroplasty (TKA) is a well-recognized source
of early failure.1,2 This instability can occur in a number of situations including severe
valgus deformities, collateral ligament deficiencies, and irreconcilable flexionextension imbalances. In an effort to combat this instability, a number of authors
have reported utilizing varus-valgus constrained (VVC) implants in primary
TKA.3–15 While these VVC prostheses provide additional coronal plane stability
through a larger tibial post and greater post-femoral box conformity, concern remains
that this additional level of constraint could result in higher rates of aseptic loosening.16
In an attempt to prevent early loosening, some authors have advocated for the
use of cemented or press-fit stems to permit force transmission away from the tibial
plateau.10,16 However, the use of such stems is not completely benign. The addition
of these stems can add to overall operating room time, result in higher rates of intraoperative fracture, and potentially contribute to bone loss through stress shielding,
without providing a defined advantage over non-stemmed VVC prostheses.17
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Purpose: The necessity of stemmed components when performing a varus-valgus con
strained (VVC) primary total knee arthroplasty (TKA) is unclear. The purpose of this
study is to compare the outcomes of primary VVC TKA with and without stems at
a minimum of two years.
Methods: Patients in our prospectively collected database with primary VVC TKAs were
identified. Patient demographics, prosthesis data, time in vivo, characteristics of revision, and
radiographs and PROMs were compared between the stemmed and un-stemmed cohorts.
Results: Sixty-five patients with 69 primary VVC TKAs were identified; 17 were implanted
with stems and 52 without stems. Five of the stemmed TKAs (5/17) required revision at 15.1
years, while only one of the un-stemmed TKA (1/52) required a revision at 21.6 years
(p=0.003) for aseptic loosening. Of the 5 stemmed TKAs requiring revision, 3 were for
aseptic loosening and 2 were for PPJI. The un-stemmed cohort had a significantly higher
final total KSS (p=0.048).
Conclusion: There was no increase in aseptic loosening or revision surgery in patients with
non-stemmed primary VVC TKA compared to those with stemmed VVC TKA at mid-term
follow-up. Utilizing non-stemmed TKA with VVC in appropriate cases is safe and may
reduce cost, shorten operative time, and preserve bone-stock.
Keywords: total knee arthroplasty, knee instability, stemmed implants, constraints

Dovepress

Orthopedic Research and Reviews downloaded from https://www.dovepress.com/ by 3.233.219.62 on 24-Jun-2021
For personal use only.

Morcos et al

While stems have been used historically for VVC
prostheses at our institution, we currently do not routinely
use stems for primary TKAs when VVC tibial inserts are
utilized. The purpose of this study is to compare the out
comes of patients undergoing primary TKA treated with
VVC prostheses, with and without stems, at a minimum of
two years.

Patients and Methods
Institutional Review Board approval from the Western
University Health Science Research Ethics Board
(HSREB) was obtained. Patient consent was not required
as the study meets the criteria for secondary use of data set
out by the Tri-Council Policy Statement. This study was
conducted in accordance with the Declaration of Helsinki
and patient confidentiality was maintained during the
whole process.
We performed a retrospective review of our prospec
tive Institutional Total Joint Registry for all patients who
had undergone implantation of a VVC prosthesis at the
time of primary TKA between February 1994 and
March 2015. Patients with less than two years of clinical
or radiographic follow-up were excluded. Patients were
asked to return to clinic if they were at least two years
from surgery but did not have available radiographs.
Demographic variables including age, gender, body mass
index (BMI), type of prosthesis, and reason for utilization
of VVC TKA were collected from the electronic medical
record for the remaining patients. Radiographs were
reviewed to determine whether the VVC prostheses had
been implanted with cemented or press-fit stems. Patients
were then divided into two groups, those who had received
stems and those that had not. These two groups were then
compared with respect to a number of outcomes. The
primary outcome of interest was revision for aseptic loos
ening. Secondary outcomes included the Short Form 12
(SF12), the Western Ontario and McMaster Universities
Arthritis Index (WOMAC), and the Knee Society Scores
(KSS) of the stemmed and un-stemmed cohorts at final
follow-up. Incidence of revision for any reason, etiology
of revision, and time in vivo were also recorded for any
patient who underwent repeat surgery.
The original operative reports were reviewed to deter
mine the reason for the use of a VVC prosthesis. The
decision to use a VVC implant as well as whether to use
stems or not was made by the treating surgeon, 6 high
volume academic arthroplasty surgeons. The type of TKA
implanted was also at the treating surgeon’s discretion. All
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patients in the study cohort received one of the following
VVC prostheses: Depuy AMK (West Chester, PA), Smith
and Nephew Legion (Memphis, TN), Depuy Sigma TC3
(West Chester, PA), Stryker Triathlon TS (Mahwah, NJ),
or Zimmer NextGen LCCK (Warsaw, IN). All protheses
were cemented and fixed bearing.
Descriptive statistics were calculated for patient demo
graphics, including means, standard deviations and fre
quencies. Patient-reported outcomes were compared by
means of an Independent T-Test or nonparametric equiva
lent for those not meeting distribution requirements.
Revision rates for all cause revision and aseptic revisions
were compared between stemmed and un-stemmed
implants with Fisher Exact Tests. Analyses were per
formed with IBM Statistical Package for the Social
Sciences (version 23, Armonk, NY: IBM Corp).
Significance was set at p < 0.05.

Results
One hundred and eight patients who underwent primary
TKA utilizing a VVC prosthesis at our institution during
the study period were identified. During this time, a total
of 13,696 primary TKAs were performed at our institution,
for an overall incidence of VVC usage of 0.01% in pri
mary TKAs. Patients were asked to return to clinic if they
were at least two years from surgery but did not have
available radiographs. Of the total cohort of 108 patients,
10 patients were excluded because they had less than
2-year follow-up. Twenty-one patients who were deceased,
and without any radiographic follow-up in our electronic
radiograph system, were also excluded, as we were not
able to determine the type of implants that were utilized.
An additional 12 patients were excluded because they
were unable to be contacted or they refused to return for
updated follow-up. This left a total of 65 patients with 69
TKAs to be included as the final patient cohort.
Of the total 69 TKAs, 17 (25%) were implanted with
stems while 52 (75%) were un-stemmed. The mean age of
the stemmed group at the time of surgery was 66.7 years
(range 41–86) while the mean age of the un-stemmed group
was 68.8 years (range 55–86) (p = 0.44). In the stemmed
group, 14 (82%) of the patients were women while 3 (18%)
were men. In the un-stemmed group, 30 (56%) were women
while 22 (44%) were men. The mean BMI in the stemmed
group was 30.9 kg/m2 (range 20.5–46.0), while the mean
BMI in the un-stemmed group was 31.2 (range 13.6–45.9)
(p=0.93). The listed reasons for implantation of a VVC pros
thesis were “medial laxity” (20/69; 29%), “antero-posterior
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instability” (9/69; 13%), “collateral laxity” (9/69; 13%),
“lateral laxity” (7/69; 10%), “medial collateral ligament par
tial injury” (7/69; 10%), “flexion instability” (7/69; 10%),
and in 10 (15%) TKAs the reason was not recorded.
The median time to latest follow-up for the total study
cohort was 6.5 years (range 2.07–14.45). Five of the TKAs
implanted with stems (5/17; 29%) required a revision at
a mean of 15.1 years (range 5.4–20.9), while one of the
TKAs implanted without stems (1/52; 2%) required revi
sion at 21.6 years (p=0.003). In the stemmed group, the
most common reason for revision was osteolysis (3/5;
60%), with infection accounting for the other two revi
sions (2/5; 40%). In the un-stemmed group, osteolysis
accounted for the single revision. When infection was
excluded, survival in the un-stemmed group was 98.1%
(51/52), while survival in the stemmed group was 82.4%
(14/17) (p=0.047) at latest follow-up.
A statistical difference was found between the unstemmed and stemmed groups in their KSS Total scores
at latest follow-up (Table 1). Mean KSS Total score in the
un-stemmed group was 158.4 while the mean Total score
in the stemmed group was 137.0 (p=0.048). No statistical
difference was seen in the Function subscale between the
un-stemmed (68.8) and stemmed (53.3) groups (p=0.068).
No statistical difference was seen in the Knee subscale
between the un-stemmed (91.9) and stemmed (88.7)
groups (p=0.264).
No statistical difference was observed between the
stemmed and un-stemmed groups in either the mental
(MCS) or physical (PCS) components of the SF-12 at
latest follow-up. The mean MCS for the un-stemmed
group was 54.9 while the mean score for the stemmed
group was 48.4 (p=0.100). The mean PCS for the unstemmed group was 38.9 while the mean score for the
stemmed group was 35.3 (p=0.260).
No statistical differences were noted between the
stemmed and un-stemmed groups in any of the subscale
or total WOMAC scores at latest follow-up. The mean
Pain score for the un-stemmed group was 80.5 while the
mean score for the stemmed group was 72.9 (p=0.311).
The mean Stiffness score for the un-stemmed group was
73.4 while the mean score for the stemmed group was 67.5
(p=0.345). The mean Function score for the un-stemmed
group was 73.8 while the mean score for the stemmed
group was 70.3 (p=0.476). The mean total score for the
un-stemmed group was 76.9 while the mean score for the
stemmed group was 70.5 (p=0.184).
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Table 1 Patient-Reported Outcome Scores in the Stemmed and
Un-Stemmed Groups

[Latest SF12V1 – MCS]

[Latest SF12V1 – PCS]

[Latest WOMAC – Pain]

[Latest WOMAC – Stiffness]

[Latest WOMAC – Function]

[Latest WOMAC – Total]

[Latest KSS – Function]

[Latest KSS – Knee]

[Latest KSS – Total]

Group

N

Mean

p

No Stem

52

54.90

0.100

Stem

17

48.40

No Stem

52

38.86

Stem

17

35.30

No Stem

52

80.50

Stem

17

72.87

No Stem

52

73.78

Stem

17

67.50

No Stem

52

73.31

Stem

17

69.69

No Stem

52

73.80

Stem

17

70.30

No Stem

52

68.80

Stem

17

53.30

No Stem

52

91.89

Stem

17

88.69

No Stem

52

158.40

Stem

17

137.00

0.311

0.345

0.476

0.184

0.068

0.264

0.048

Abbreviations: SF12-MCS, Short Form 12-Mental Components; PCS, physical
components; WOMAC, Western Ontario and McMaster Universities Arthritis
Index; KSS, Knee Society Score.

Discussion
We report the outcomes of a cohort of patients who under
went primary total knee replacement with VVC prostheses
with and without stems. At a median follow-up of almost 7
years, we did not observe any increase in the rate of
aseptic loosening in the patient group who received unstemmed components. The un-stemmed cohort had signif
icantly better KSS Total scores at latest follow-up, with no
differences seen between the groups in their SF-12 or
WOMAC scores.
A number of authors have reported the outcomes of
VVC prostheses implanted during primary total knee
arthroplasty.3–8,12–14 These studies include an assortment
of implant designs and indications. Mid-term results at less
than 10 years are available for three of these studies.5,7,14
Nam et al reported on the largest cohort of patients of
these three studies, 190 VVC knees without stems in 181
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patients at a mean follow-up of 7.3 years.7 The authors
reported an overall revision rate for aseptic loosening of
2.6%, with similar KSS, SF-12, and Hospital for Special
Surgery (HSS) scores between the VVC patients and
a matched cohort of patients who received posterior stabi
lized (PS) knees. Maynard et al reported on the outcomes
of 132 VVC knees with cemented metaphyseal stems from
a single manufacturer.5 At a mean of 9.2 months, there
were no revisions for aseptic loosening with similar
WOMAC score improvements as seen in our study.
Lastly, Easley et al presented outcomes of 44 VVC knees
implanted with short “dangle” stems at a mean of 7.8
years.14 No patient required revision for aseptic loosening,
and there were no signs of radiographic loosening utilizing
the Knee Society radiographic criteria.
Long-term outcomes of stemmed and un-stemmed pri
mary VVC knees, at 10 years and greater, are available in
two studies.8,12 Lachiewicz et al presented 10-year survi
val data and clinical results of 54 VVC prostheses
implanted without the routine use of stems.12 The authors
reported an aseptic loosening rate of 3.7% (2/54), with
both TKAs loosening within 3 years. Cholewinski et al
examined the outcomes of 43 stemmed VVC TKAs at
a mean of 12.7 years follow-up.8 Similar improvements
in patient outcome scores were noted. No cases of aseptic
loosening were seen at final follow-up.
One of the strengths of our study is the use of prospec
tively collected data retrieved from our institutional total
joint registry. At our institution, outcome scores are col
lected at routine follow-ups, permitting the use of prospec
tively collected information for outcome studies.
Furthermore, as our center serves as the only tertiary-care
arthroplasty center in our region, we feel that our rate of
revision is accurate as it is unlikely that patients would go
elsewhere for revision. The weaknesses include the retro
spective design of the study as well as the somewhat limited
number of patients within the study. A further weakness is
the fact that the decision to use a stem or not was at the
discretion of the surgeon. Therefore, it is possible these two
cohorts of patients were significantly different with respect
to their clinical status (ie, bone defects, degree of ligamen
tous instability, previous number of operations, etc.), which
could have influenced the clinical findings of our study. This
does indicate, however, that when appropriate bony support
is available, VVC TKA can be used safely with primary
TKA components without the need for stems. This may have
benefits of cost savings, when compared to revision
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components, a shorter operative time, and preservation of
bone stock for possible revision surgery in the future.

Conclusion
We report the outcomes of patients from our institution
who underwent primary total knee arthroplasty with varusvalgus constrained prostheses both with and without
stems. Our outcomes differ from much of the existing
mid- and long-term literature as we directly compare
stemmed and un-stemmed groups, without an increase in
aseptic loosening in the un-stemmed group. At mid-term
follow-up, our results suggest that patients can receive unstemmed VVC prostheses, when required, at the time of
primary TKA without concern for early aseptic loosening.
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