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Abstract
Purpose The purposes of the present study were to assess the levels of prosthetic constraint chosen during revision total knee
arthroplasty (TKA) and to identify factors influencing the choice of a constrained prosthesis.
Methods We retrospectively reviewed data on 274 revision TKAs. The mean follow-up period after revision TKAwas 7.2 years.
The femorotibial angle (FTA), joint line height (JLH), and Insall–Salvati ratio (ISR) were radiographically evaluated. Factors
affecting the extent of constraint chosen were evaluated in terms of age, gender, bodymass index, primary diagnosis, the cause of
revision TKA, the Anderson Orthopedic Research Institute (AORI) classification, and changes in the JLH and ISR.
Results Totals of 247 (90.1%), 11 (4.0%), and 9 (3.4%) knees received posteriorly stabilized prostheses, constrained condylar
knees, and rotating hinge prostheses, respectively. On multivariate analysis, the cause of revision TKA including loosening and
instability and the changes in the JLH and ISR affected independently the choice of a constrained prosthesis.
Conclusions The frequency of implantation of constrained prostheses was 7.4% in the present study. Consideration of various
factors including the cause of revision TKA and changes in the JLH and ISR will aid the TKA surgeon in selecting prostheses
with appropriate constraints when performing revision TKAs.
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Introduction

The goal of revision total knee arthroplasty (TKA) is to stabi-
lize the knee joint, align the extremities, and position all com-
ponents appropriately [1–3]. Joint stability may be attained
after revision TKAwhen the remained ligaments are balanced,
and when constrained prostheses are placed as necessary
[4–6]. Various levels of prosthetic constraint are required to
achieve these goals. One example of a modern, linked
constrained prosthesis is the rotating hinge (RH), and an ex-
ample of a popular nonlinked prosthesis is the constrained
condylar knee (CCK) [7, 8]. Constraint implies restriction of
rotational or translational movement, increasing torque-

induced stress at bone-cement and implant-cement interfaces,
thus potentially increasing wear and loosening [4, 9]. The
basic principle is to choose a prosthesis featuring the mini-
mum extent of constraint necessary to deal with the instability.
Only a few studies have explored how often constrained pros-
theses are required when performing revision TKAs [10–14].
In one study of 125 revision TKAs, 34% (42 knees) received a
posteriorly stabilized (PS) prosthesis, 63% (79 knees) re-
ceived CCKs, and 3% (4 knees) received RH prostheses
[14]. In another study of 365 revision TKAs, 82% received
unconstrained prostheses, 10% required CCKs, and 8% RH
prostheses [10].

If surgeons seek to prepare for every prostheses varying in
constraint level for each patient, a severe burden would be
placed on the operative team and surgical efficiency would
be compromised [10]. It would be useful to predict and pre-
pare an appropriately constrained prosthesis, prior to
performing revision TKA.

The clinical results according to constraint level required
during revision TKA remains controversial. Hass et al. [11]
and Hwang et al. [15] reported that clinical outcomes using PS
prostheses were better when those using constrained
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prostheses were used. However, Worhacz et al. [16] and Shen
et al. [3] found that the clinical results were poor when uncon-
strained prostheses were used.

To our knowledge, no previous study has sought to precise-
ly define factors influencing the extent of constraint required
for pre-operative preparations of revision TKA.

The purpose of our present study was to determine how
frequently constrained prostheses were placed during revision
TKA, and to compare the clinical and radiographic results of
those in whom less-constrained and constrained prostheses
were placed. Also, we sought to define factors that could af-
fect the selection of constrained prostheses. We hypothesized
that certain factors could influence the frequency of choice of
constrained prostheses.

Materials and methods

Materials

We retrospectively reviewed data on 274 revision TKAs per-
formed on 239 patients between 1990 and 2014. Two different
prostheses (the P.F.C.®/Press Fit Condylar prosthesis; Depuy;
Johnson & Johnson, Warsaw, IN, USA, and the NexGen®
prosthesis; Zimmer Biomet, Warsaw, USA) were placed.
The P.F.C.® prostheses were placed in 263 knees (7 cruciate
retaining (CR), 247 posterior stabilized (PS), 9 constrained
condylar knee (CCK)), and the NexGen® prostheses were
placed in 11 knees (2 Legacy® CCK (LCCK) and 9 rotating
hinge (RH)). The study was approved by our institutional
review board (authority KHUHMDIRB 1111-02). Nineteen
patients (24 knees) were lost to follow-up within two post-
operative years. The inclusion criterion was performance of
revision TKA using either of the two prostheses mentioned
above. Exclusion criteria were exchange of only the polyeth-
ylene insert or revision of only the patellar component. Data
from all 274 knees were used to analyze factors affecting the
chosen extent of constraint, and data from 250 knees were
used to evaluate the clinical and radiological results.

The average patient age at the time of revision surgery was
66.7 years (range, 31–86 years). In terms of gender, 217 pa-
tients were female and 22 male. A total of 140 knees were
right-sided; 134 knees were left-sided. The average bodymass
index (BMI) was 26.1 kg/m2 (range, 17.6–34.6 kg/m2). The
mean interval between primary and revision TKA was
10.6 years (range, 0.1–27.6 years). The mean follow-up peri-
od after revision TKAwas 7.2 years (range, 2.0–26.3 years).
The mean follow-up period after revision TKAwas 7.0 years
(range, 2.0–24.0 years) in the less-constrained group and
7.4 years (range, 2.0–26.3 years) in the constrained group.

Diagnoses triggering primary TKA were degenerative os-
teoarthritis (219 knees, 79.9%), rheumatoid arthritis (29
knees, 10.6%), postinfectious arthritis (15 knees, 5.5%),

haemophilic arthritis (5 knees, 1.8%), a Charcot joint (4 knees,
1.5%), and osteonecrosis (2 knees, 0.7%). The causes of revi-
sion TKA included polyethylene wear and osteolysis (199
knees, 72.6%), loosening (19 knees, 6.9%), infection (27
knees, 9.9%), instability (7 knees, 2.6%), stiffness (2 knees,
0.7%), and periprosthetic fractures (20 knees, 7.3%).

Using the Anderson Orthopedic Research Institute (AORI)
classification, 151 knees had bone defects of grades greater
than F2 or T2; 123 knees were of grades F1 and T1.

Methods

Evaluation of the extents of constraint

The extent of constraint was recorded on operative records; all
patients were divided into a less-constrained and a constrained
group. The former group included knees in which CR or PS
prostheses were placed during revision TKA. The constrained
group included knees in which CCK or RH prostheses were
placed (Table 1).

Clinical evaluation

The Knee Society knee and function scores [13] and the
Western Ontario and McMaster Universities Osteoarthritis
(WOMAC) score [14] were used to evaluate pain and function
both pre-operatively and at the last follow-up; data were com-
pared using paired t tests. Flexion contracture, further flexion,
and range of motion (ROM) of the knee were measured using
a long-armed goniometer.

Radiographic evaluation

Serial pre-operative and post-operative anteroposterior and
lateral radiographs, and orthoroentgenograms, were used to
assess limb alignment. Measurements were made on these
images using a picture-acquiring communication system
(PACS) (INFINITT, Seoul, Korea). The femorotibial angle
(FTA) is defined as the angle between the femoral and tibial
intramedullary axes. The joint line height (JLH) was measured
from the fibular head on the anteroposterior view of the stand-
ing X-ray (Fig. 1) [13, 15]. The Insall–Salvati ratio (ISR) (the
ratio of the length of the patellar tendon to the length of the
patella on a lateral X-ray) was also measured (Fig. 2) [17].

Statistical analysis

The knee and function scores, the WOMAC score, and the
ROM, calculated pre-operatively and at the last follow-up,
were compared between those with constrained and less-
constrained prostheses (Student’s t test). The FTA, JLH,
ISR, and changes therein were also compared between the
two groups (Student’s t test).
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To reduce observational bias, all radiographic measure-
ments were performed by two independent investigators.
The intra-observer and inter-observer reliabilities of all mea-
surements were assessed by calculating intraclass correlation
coefficients (ICCs). The ICCs for all intra-observer and inter-
observer reliabilities were > 0.8. All statistical analyses were
performed using SPSS software (ver. 20.0; SPSS, Inc.,
Chicago, IL, USA); p < 0.05 was considered to indicate sta-
tistical significance.

Factors affecting the level of constraint

We explored whether age, gender, BMI, the diagnosis at the
time of primary TKA, the cause of revision TKA, the
AndersonOrthopedic Research Institute (AORI) classification
[18], and changes in the JLH and ISR influenced the choice of
constrained prostheses.

Continuous variables, including age and BMI, were com-
pared between the less-constrained and constrained groups
(Student’s t test). Noncontinuous variables (gender, primary
diagnosis, the cause of revision TKA, and AORI classifica-
tion) were compared using the chi-squared (χ2) test. Changes
in the JLH and ISR were also compared between the two

groups (Student’s t test). All variables were subjected to linear
regression analysis and multivariable regression modeling to
identify factors independently influencing the use of
constrained prostheses in revision TKAs.

Surgical technique

Tourniquets were applied to all knees. The prior midline skin
incision was used; a medial parapatellar approach was
adapted. The basic principles of revision TKAwere followed
in terms of restoration of limb alignment, soft tissue balancing,
antibiotic prophylaxis, cementation, and rehabilitation.
However, various surgical strategies were required to manage
bone defects. Appropriate thickness of metal augmentation
was performed when necessary. A total of 235 knees
(85.8%) received prostheses with long extended stems, 191
(69.7%) prostheses with both femoral and tibial stems, 24
(8.8%) only tibial stems, and 20 knees (7.3%) only femoral
stems. In terms of cementation to ensure stem fixation, we
used the fully cemented technique on 115 knees, the hybrid
cemented technique on 101, and the uncemented technique on
19. The latter technique used cement fixation of only the cut
surface. A total of 100 knees (36.5%) received bulk allografts

Fig. 1 Joint line height (JLH) was
measured from the fibular head on
the anteroposterior view of a
standing X-ray, with the knee in a
fully extended neutral position.
The JLHs were similar both pre-
revision and post-revision total
knee arthroplasty (TKA)

Table 1 Demographic data on
patients between less-constrained
and constrained groups

Group Less constrained Constrained p value

Number of knees 254 20

Number of patients 221 18

CR/PS/CCK/RHa 7/247/0/0 0/0/11/9

Age (years) 66.7 ± 10.3 (31–86) 65.3 ± 10.1 (47–83) 0.525

Female/male 200/21 17/1 0.605

Right/left 130/124 10/10 0.919

Body mass index (kg/m2) 26.2 ± 3.5 (17.6–34.6) 26.4 ± 4.1 (20.2–33.8) 0.695

Follow-up period (years) 7.0 ± 4.4 7.4 ± 8.5 0.135

a CR/PS/CCK/RH: the types of prostheses placed, including those restraining and substituting for the posterior
cruciate ligament and constraining the condylar and rotation hinges
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to deal with bone defects. Thirty-eight knees received allo-
grafts in the proximal tibia, 28 allografts in the distal femur,
and 34 allografts in both the proximal tibia and distal femur.

Four levels of constraint (associated with the CR, PS, CCK,
and RH prostheses) were applied; the two senior surgeons
made their decisions intra-operatively. The prerequisites for
use of a CR prosthesis were an intact posterior cruciate liga-
ment (PCL), balanced collateral ligaments, and equal flexion
and extension gaps. The PS prosthesis was used in patients
with well-balanced flexion and extension gaps, good
mediolateral stability, and intact collateral ligaments. A CCK
was considered in cases lacking sufficient mediolateral stabil-
ity, or with flexion-extension gap mismatches that might pre-
dispose to cam dissociation of a standard PS insert. RH pros-
theses were placed in a minority of cases in whom the isolated

medial collateral ligament or lateral collateral ligament was
completely inadequate, or in cases with genu recurvatum.
More-constrained prostheses were considered only when
less-constrained prostheses were not suitable.

Results

Constraint levels

Of the 274 knees of the present study, seven (2.5%),
247 (90.1%), 11 (4.0%), and nine (3.4%) received CR,
PS, CCK, and RH prostheses, respectively (Figs. 3 and
4). The 20 knees that received CCK and RH prostheses
were considered to be constrained.

Fig. 2 Insall–Salvati ratio (ISR)
from a lateral X-ray. The ISR is
the ratio of the length of the pa-
tellar tendon to the length of the
patella (denoted by LT/LP)

Fig. 3 Polyethylene insert wear,
osteolysis, and loosening of the
tibial component evident after
TKA. The tibial bone defect was
graded AORI T2B. Revision
TKAwas performed using a
posteriorly stabilized prosthesis.
Both autogenous and allogenous
bone grafts were placed at the site
of the bone defect in the tibia
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Clinical results

In the less-constrained group, the average knee score in-
creased from 49.8 to 90.9 at the last follow-up, and the aver-
age function score from 38.5 to 91.6 (p < 0.001) (Table 2). The
average WOMAC score was 55.3 pre-operatively and 16.4 at
the last follow-up (p < 0.001). The pre-operative ROM aver-
aged 108.3° and increased to 115.1° at the last follow-up
(p < 0.001).

In the constrained group, the average knee score increased
from 44.2 to 86.0 at the final follow-up, whereas the average
function score increased from 32.6 to 83.3 (p < 0.001)
(Table 2). The average WOMAC score was 58.2 pre-
operatively and 21.9 at the last follow-up (p < 0.001). The
pre-operative ROM averaged 96.9° and increased to 109.5°
at the last follow-up (p < 0.001).

The clinical score and ROM at the last follow-up after
revision TKA were better in the less-constrained group, but

there was no significant difference in the change of any knee
or function score, the WOMAC score, or the ROM, between
the two groups (Table 2).

Radiographic results

The average pre-operative FTAs were 0.7° varus and 1.0°
varus in the less-constrained and constrained groups, respec-
tively (p = 0.871) (Table 3). The average post-operative FTA
was 4.6° valgus in the less-constrained group and 6.3° valgus
in the constrained group (p = 0.358). The JLH at the last
follow-up was 20.8 mm in the less-constrained group and
23.1 mm in the constrained group (Table 3). The ISRs at the
last follow-up were 1.16 and 1.30 in the less-constrained and
constrained groups, respectively (Table 3). The changes in
JLH and ISR differed significantly between the two groups
(p < 0.001, p = 0.009) (Table 3).

Fig. 4 Loosening after TKA,
combined with a severe femoral
bone defect of grade AORI F3.
Revision TKAwas performed
using a constrained condylar knee
prosthesis. Strut bone grafts were
placed at both femoral condyles
using allogenous femoral heads

Table 2 Clinical results between
less-constrained and constrained
groups

Less constrained Constrained p value

Knee score Pre-operative 49.8 ± 7.5 44.2 ± 14.6 0.158

Last follow-up 90.9 ± 4.9 86.0 ± 6.6 0.018

Change 41.1 ± 7.0 41.5 ± 10.7 0.900

Function score Pre-operative 38.5 ± 11.0 32.6 ± 13.3 0.154

Last follow-up 91.6 ± 5.2 83.3 ± 5.4 < 0.001

Change 53.1 ± 12.2 50.3 ± 17.1 0.459

WOMAC Pre-operative 55.3 ± 8.8 58.2 ± 11.1 0.174

Last follow-up 16.4 ± 6.6 21.9 ± 8.7 0.008

Change −38.9 ± 9.5 −38.2 ± 14.7 0.824

Flexion contracture (°) Pre-operative 2.8 ± 8.8 1.6 ± 4.1 0.545

Last follow-up 0.9 ± 3.2 1.3 ± 2.2 0.624

Further flexion (°) Pre-operative 104.3 ± 31.1 98.2 ± 35.2 0.414

Last follow-up 116.0 ± 19.3 109.8 ± 17.1 0.160

Range of motion (°) Pre-operative 108.3 ± 33.0 96.9 ± 37.8 0.538

Last follow-up 115.1 ± 20.3 109.5 ± 17.1 0.248

Change 13.2 ± 30.8 18.0 ± 39.9 0.567
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Factors affecting the choice of constrained prostheses

We found no significant difference in age, gender, or BMI
between the less-constrained and constrained groups
(Table 1). We found a significant between-group difference
in terms of the diagnosis prior to primary TKA (Table 4).
TKA using constrained prosthesis was more frequently per-
formed in patients with primary diagnosis of rheumatoid ar-
thritis and Charcot joint (Table 4). The odds ratio of a Charcot
joint in the constrained group was 32.715, when comparing to
the osteoarthritis (p = 0.006). We found a significant between-
group difference in terms of the cause of revision TKA
(Table 5). The odds ratios of aseptic loosening, prosthetic joint
infection, and instability in the constrained group were
12.186, 7.634, and 11.681, respectively (p = 0.004, 0.014,
and 0.017, respectively). We found a significant between-
group difference in terms of the AORI classification
(Table 6). The odds ratios of F2 and F3 bone defects in the
constrained group were 4.472 and 10.276, respectively (p =
0.047 and 0.020, respectively). The odds ratio of change in the
JLH for the constrained group was 1.169 (p = 0.021). The
odds ratio for change in the ISR was 61.318 for the
constrained group (p = 0.017).

On multivariate analysis, the cause of revision TKA, and
the changes in JLH and ISR, independently predicted the

choice of a constrained prosthesis (p = 0.008, 0.021, and
0.017, respectively) (Table 7).

Discussion

The most important finding was that the frequency of use of
constrained prostheses was considerably lower than reported
by others [3, 14, 19] but in line with that of another study [20].
We consider it crucial to restore the original joint line via
augmentation of the various bone defects, and to ensure accu-
rate rotation of an appropriately sized femoral component,
without unnecessary release of contracted soft tissue or unnec-
essary placement of over-thick polyethylene inserts or
constrained prostheses.

Increased articular constraint would theoretically increase
load transmission to the component bone interface, which is
associated with risks of early loosening and poor survival. The
polyethylene post of the CCK prosthesis is intimately associ-
ated with the housing of the femoral component. This places
considerable stress on the post and can trigger wear, fracture,
or both [9, 21, 22]. Therefore, use of the least-constrained
prosthesis possible is advised [8, 23]. Appropriate selection
of an adequate constraint level during revision TKA is

Table 3 Radiographic results
between less-constrained and
constrained groups

Less constrained Constrained p value

Femorotibial angle (°) Pre-operative Varus 0.7 ± 7.4 Varus 1.0 ± 5.3 0.871

Post-operative Valgus 4.6 ± 3.9 Valgus 6.3 ± 3.3 0.358

Change 6.0 ± 8.1 7.0 ± 3.4 0.123

Joint line height (mm) Pre-operative 16.2 ± 6.3 13.3 ± 6.6 0.158

Post-operative 20.8 ± 6.1 23.1 ± 3.2 0.093

Change 4.6 ± 5.0 8.9 ± 2.7 < 0.001

Insall–Salvati ratio Pre-operative 1.10 ± 0.27 1.0 ± 0.19 0.402

Post-operative 1.16 ± 0.26 1.30 ± 0.12 0.130

Change 0.07 ± 0.20 0.28 ± 0.20 0.009

Table 4 Numbers of knees of primary diagnosis between less-
constrained and constrained groups

Less
constrained

Constrained Frequency of use
of constrained
prostheses (%)

Degenerative
osteoarthritis

205 14 6.4

Rheumatoid arthritis 25 4 13.8

Post-infectious arthritis 15 0 0

Hemophilia 5 0 0

Charcot joint 2 2 50

Osteonecrosis 2 0 0

P = 0.012

Table 5 Numbers of knees of cause of revision between less-
constrained and constrained groups

Less
constrained

Constrained Frequency of
use of constrained
prostheses (%)

Wear/osteolysis 190 9 4.5

Aseptic loosening 16 3 15.8

Infection 24 3 11.1

Instability 5 2 28.6

Stiffness 2 0 0

Periprosthetic fracture 17 3 15.0

P = 0.043

1836 International Orthopaedics (SICOT) (2019) 43:1831–1840



important to avoid instability, to increase component survival,
and to avoid the risk of aseptic loosening.

The effects of different levels of constraint in terms of knee
stability after revision TKA remain controversial. Hossain
et al. [12] reported that various prostheses exhibiting incre-
mental degrees of constraint afforded acceptable results that
were remarkably similar in terms of functional outcome,
ROM, and overall patient satisfaction. Other authors have also
reported similar results [15, 19]. However, Haas et al. [11]
found that the clinical outcomes of a PS group were better
than those of a constrained group. Their pre-operative status
of patients undergoing revision TKAwith placement of pros-
theses of various constraint levels differed. Thus, both selec-
tion bias and the limitations inherent in a clinical study ren-
dered it difficult to directly compare the outcomes afforded
using prostheses with various levels of constraint. A compar-
ative study on prostheses with different levels of constraint
placed in patients with varying extents of bone defects showed
that the PS prosthesis afforded superior knee scores in patients
with AORI type 1 bone defects; an ultracongruent prosthesis
was best for patients with type 2 and 3 aseptic loosening, and a
hinge prosthesis was optimal for those with septic type 2 or 3
defects [3].

Few previous studies have sought to identify preoperative
factors that might help surgeons choose appropriately
constrained prostheses during revision TKA. The extent of
constraint required depends on the state of the peripheral knee
stabilizers (including the collateral ligaments) and the severity

of bone loss [19]. In the present study, constrained prostheses
were favoured when the diagnosis at the time of primary TKA
was a Charcot joint; when the cause of revision TKA was
loosening, infection, or instability; when the femoral bone
defect was of type 2 or 3 according to the AORI classification;
and when changes in the JLH and ISR were marked.

The technical challenges encountered during primary TKA
of a Charcot joint happen to be repeated during revision TKA,
including the need to augment bone defects, a requirement for
meticulous cementation, and the need to balance soft tissue.
Because these challenges may be aggrevated during revision
TKA, these problems must be solved more properly against a
background of severe joint destruction, massive bone loss, and
overstretched soft tissue. This explains why constrained pros-
theses were often used (in 50% of patients) upon revision
TKA of Charcot joints. When the cause of revision TKA
was loosening, major problems can be posed by the combina-
tion of gradual loss of soft tissue tone and bone defects
(Fig. 5). This explains why constrained prostheses were often
placed in such patients (odds ratio, 12.186) during revision
TKA [24]. In the present study, infection also increased the
use of constrained prostheses. Lau et al. [13] found that coro-
nal subluxation of the articulating antibiotic spacer was asso-
ciated with an increased need for constrained prostheses dur-
ing second-stage revision TKAs treating prosthetic joint infec-
tions. They placed PSs in 69.4% of patients, CCKs in 26.4%,
and RHs in 4.2%.

A recent report found that PS prostheses afforded superior
knee scores in knees of AORI type I. Placement of CCK
prostheses improved the WOMAC scores of aseptic AORI
type 2 and 3 knees, and placement of RH prostheses improved
the scores of septic AORI type 2 and 3 knees [3]. Although the
severity of a bone defect influenced the choice of constraint, it
is not immediately apparent why this should be so. Bone loss
adds to the complexity of soft tissue balancing during revision
TKA [13]. In patients with severe bone defects (AORI type 3),
both the origin and insertion points of the medial and/or lateral
collateral ligaments may be absent (associatedwith bone loss).
Such deficiencies create gross instability; the patients may
require RH prostheses. Many strategies (metal augmentation,
allografting, placement of tantalum cones, and insertion of
modular stems) can be used to treat bone defects discovered
during revision TKA. Such a defect in the tibial metaphysis

Table 6 Numbers of knees of AORI classification between less-
constrained and constrained groups

AORI
classification

Less
constrained

Constrained Frequency of use
of constrained
prostheses (%)

Femur 1 112 3 2.6

2 110 12 9.8

3 32 5 13.5

Tibia 1 117 5 4.1

2 114 12 9.5

3 23 3 11.5

P = 0.036

Table 7 Comparison of various
factors using multiple regression
analysis between less-constrained
and constrained groups (R2 =
0.215)

Exp (β) 95% confidence interval Standard error p value

Primary diagnosis 1.335 0.864 to 2.063 0.222 0.193

Cause of revision 1.466 1.107 to 1.940 0.143 0.008

AORI (femur) 1.909 0.774 to 4.709 0.461 0.160

AORI (tibia) 1.883 0.699 to 5.073 0.506 0.211

Change of joint line height 1.169 1.024 to 1.335 0.068 0.021

Change of Insall–Salvati ratio 61.318 2.089 to 180.139 1.724 0.017
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affects both the flexion and extension gaps. Appropriate aug-
mentation renders it possible to not increase the constraint
level unnecessarily. Our multiple regression analysis showed
that a bone defect itself did not directly affect the constraint
level chosen during revision TKA (Table 7). Any bone defect
evident during revision TKA must be first corrected by bone
grafting or metal augmentation, and any persistent laxity only
then subjected to prosthetic constraint.

We found that changes in the JLH and ISR independently
affected the extent of prosthetic constraint required. It might
be thought that a constrained prosthesis is appropriate when
the JLH is elevated and relative mediolateral instability is
evident only in extension (Fig. 4). On the other hand, an ex-
ceptionally large flexion gap would require placement of a

thick polyethylene insert, elevating the JLH from the fibular
head or tibial tuberosity. Changes in the JLH could be either
cause or result of instability after revision TKA (Fig. 6), but
we could not distinguish them in the present retrospective
study. In most revision situations, bone loss is apparent in both
the distal and posterior aspects of the femur. This may be
caused by component removal, movement of a loose implant,
or osteolysis [10]. Appropriate distal positioning of the femo-
ral component, together with metal or allograft augmentation,
is required to restore the joint line if distal bone loss has oc-
curred. If not, the joint line can be elevated after revision
TKAs. Global instability or genu recurvatum can be properly
treated by using a constrained prosthesis; the patellar height
may increase post-operatively (Fig. 7). It is practically

Fig. 5 Loosening of tibial
component after TKAwith the
combined instability. The femoral
and tibial bone defect was graded
AORI F2BT2B and managed
with metal augmentations.
However, a constrained condylar
knee prosthesis was required in
spite of appropriate management
for bone defect

Fig. 6 Instability after cruciate
retaining TKA. Revision TKA
was performed with a constrained
condylar knee prosthesis due to
remained medio-lateral instability
in spite of achieving flexion sta-
bility with the appropriate metal
augmentation
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impossible to achieve stability in severe unstable TKA with
PS prosthesis which only substitutes for the posterior cruciate
ligament [25]. Prudhon et al. [26] reported that TKA showing
increase of patellar height seems to have lower functional
results when using PS prosthesis. Boelch et al. [27] reported
that rotating hinge prostheses provide significant improve-
ment in pain and function scores at post-operative 12-month
follow-up in 51 revision TKAs for gross instability.

Vasso et al. [19] devised a simple algorithm allowing the
extent of constraint of a revision implant to be calculated by
reference to the state of the ligaments and bone defects. PS
prostheses were chosen for knees with intact ligaments and
bone defects of AORI type 1; CCK prostheses were selected
for knees with inadequate ligaments and type 2 defects, and
RH prostheses were used for knees in which the ligaments
were absent or disrupted and that also exhibited a type 2 or
3 bone defect. However, many factors affect the balance be-
tween the mediolateral and flexion/extension gaps during re-
vision TKA; all must be considered. The clinical relevance of
our present study is that we show that various factors, apart
from the state of the collateral ligaments and bone defects,
could affect the selection of a prosthesis for revision TKA.
Consideration of such factors should ensure stable knee recon-
struction, thus helping the revision TKA surgeon to select a
prosthesis that applies an appropriate degree of constraint.

The principal limitation of our present study is the retro-
spective nature of the work; we studied a nonrandomized,
consecutive case series. We focused primarily on the frequen-
cy of placement of constrained prostheses, exploring various
factors potentially influencing the choice of the extent of con-
straint. Understandably, other factors will also be in play, in-
cluding component size and position. However, not all possi-
ble variables can be controlled in clinical settings such as ours.

A more sophisticated, randomized prospective study is re-
quired. Another limitationwas that most patients were females
of low BMI. A combination of osteoarthritis and low BMI is
common in Korean females [28]. This means that caution
must be exercised when seeking to extrapolate our findings
to other populations.

Conclusion

The frequency of placement of constrained prostheses (CCKs
and RHs) was 7.4% in the present study. Surgeons should not
automatically choose a constrained prosthesis when revision
TKA is planned. The need for a constrained prosthesis in-
creases when the cause of revision is loosening, infection, or
instability and when changes in the JLH or the ISR are greater
than in other patients. Consideration of such factors will assist
the revision TKA surgeon in selecting the prosthesis that ap-
plies the appropriate extent of constraint.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Hernigou P, Dubory A, Potage D, Roubineau F, Flouzat-
Lachaniette CH (2017) Outcome of knee revisions for osteoarthritis
and inflammatory arthritis with postero-stabilized arthroplasties: a
mean ten-year follow-up with 90 knee revisions. Int Orthop 41(4):
757–763. https://doi.org/10.1007/s00264-016-3319-8

Fig. 7 Global instability after
posterior stabilized TKA. The
patient had experienced the
quadriceps muscle weakness and
genu recurvatum. Revision TKA
was performed with a rotating
hinge knee prosthesis. Insall–
Salvati ratio increased from 0.79
to 1.08 post-operatively

International Orthopaedics (SICOT) (2019) 43:1831–1840 1839

https://doi.org/10.1007/s00264-016-3319-8


2. Nedopil AJ, Howell SM, Hull ML (2017) What mechanisms are
associated with tibial component failure after kinematically-aligned
total knee arthroplasty? Int Orthop 41(8):1561–1569. https://doi.
org/10.1007/s00264-017-3490-6

3. Shen C, Lichstein PM, Austin MS, Sharkey PF, Parvizi J (2014)
Revision knee arthroplasty for bone loss: choosing the right degree
of constraint. J Arthroplast 29(1):127–131. https://doi.org/10.1016/
j.arth.2013.04.042

4. Kim YH, Park JW, Kim JS, Oh HK (2015) Long-term clinical
outcomes and survivorship of revision Total knee arthroplasty with
use of a constrained condylar knee prosthesis. J Arthroplast 30(10):
1804–1809. https://doi.org/10.1016/j.arth.2015.04.019

5. Lee KJ, Bae KC, Cho CH, Son ES, Jung JW (2016) Radiological
stability after revision of infected Total knee arthroplasty using
modular metal augments. Knee Surg Relat Res 28(1):55–61.
https://doi.org/10.5792/ksrr.2016.28.1.55

6. Shon OJ, Lee DC, Ryu SM, Ahn HS (2016) Comparison of differ-
ence in hematologic and hemodynamic outcomes between primary
Total knee arthroplasty and revision of infected Total knee
arthroplasty. Knee Surg Relat Res 28(2):130–136. https://doi.org/
10.5792/ksrr.2016.28.2.130

7. Touzopoulos P, Drosos GI, Ververidis A, Kazakos K (2015)
Constrained implants in Total knee replacement. Surg Technol Int
26:307–316

8. Samiezadeh S, Bougherara H, Abolghasemian M, D'Lima D,
Backstein D (2018) Rotating hinge knee causes lower bone-
implant interface stress compared to constrained condylar knee re-
placement. Knee Surg Sports Traumatol Arthrosc. https://doi.org/
10.1007/s00167-018-5054-8

9. Wang X, Malik A, Bartel DL, Wright TM, Padgett DE (2016) Load
sharing among collateral ligaments, articular surfaces, and the tibial
post in constrained condylar knee arthroplasty. J Biomech Eng
138(8). https://doi.org/10.1115/1.4033678

10. Gustke KA (2005) Preoperative planning for revision total knee
arthroplasty:avoiding chaos. J Arthroplast 20(4 Suppl 2):37–40

11. Haas SB, Insall JN, Montgomery W, 3rd, Windsor RE (1995)
Revision total knee arthroplasty with use of modular components
with stems inserted without cement. J Bone Joint Surg Am 77(11):
1700–1707

12. Hossain F, Patel S, Haddad FS (2010) Midterm assessment of
causes and results of revision total knee arthroplasty. Clin Orthop
Relat Res 468(5):1221–1228. https://doi.org/10.1007/s11999-009-
1204-0

13. Lau AC, Howard JL, Macdonald SJ, Teeter MG, Lanting BA
(2016) The effect of subluxation of articulating antibiotic spacers
on bone defects and degree of constraint in revision knee
arthroplasty. J Arthroplast 31(1):199–203. https://doi.org/10.1016/
j.arth.2015.07.009

14. Lee JK, Lee S, Kim D, Lee SM, Jang J, Seong SC, Lee MC (2013)
Revision total knee arthroplasty with varus-valgus constrained
prosthesis versus posterior stabilized prosthesis. Knee Surg Sports
Traumatol Arthrosc 21(3):620–628. https://doi.org/10.1007/
s00167-012-1998-2

15. Hwang SC, Kong JY, Nam DC, Kim DH, Park HB, Jeong ST, Cho
SH (2010) Revision total knee arthroplasty with a cemented poste-
rior stabilized, condylar constrained or fully constrained prosthesis:
a minimum 2-year follow-up analysis. Clin Orthop Surg 2(2):112–
120. https://doi.org/10.4055/cios.2010.2.2.112

16. Worhacz K, Jacofsky MC, Jacofsky DJ, Ahmed S (2018)
Comparing the efficacy of the total stabilizing and posterior stabi-
lizing knee prostheses in obese and preobese females: a retrospec-
tive cohort study. J Knee Surg 31(9):884–888. https://doi.org/10.
1055/s-0037-1615802

17. Cabral F, Sousa-Pinto B, Pinto R, Torres J (2017) Patellar height
after total knee arthroplasty: comparison of 3 methods. J
Arthroplast 32(2):552–557 e552. https://doi.org/10.1016/j.arth.
2016.07.013

18. Panegrossi G, Ceretti M, Papalia M, Casella F, Favetti F, Falez F
(2014) Bone loss management in total knee revision surgery. Int
Orthop 38(2):419–427. https://doi.org/10.1007/s00264-013-2262-1

19. Vasso M, Beaufils P, Schiavone Panni A (2013) Constraint choice
in revision knee arthroplasty. Int Orthop 37(7):1279–1284. https://
doi.org/10.1007/s00264-013-1929-y

20. Peters CL, Hennessey R, Barden RM, Galante JO, Rosenberg AG
(1997) Revision total knee arthroplasty with a cemented posterior-
stabilized or constrained condylar prosthesis: a minimum 3-year
and average 5-year follow-up study. J Arthroplast 12(8):896–903

21. Pang HN, Bin Abd Razak HR, Jamieson P, Teeter MG, Naudie
DDR, MacDonald SJ (2016) Factors affecting Wear of constrained
polyethylene tibial inserts in Total knee arthroplasty. J Arthroplast
31(6):1340–1345. https://doi.org/10.1016/j.arth.2015.12.011

22. Cholewinski P, Putman S, Vasseur L,MigaudH, Duhamel A, Behal
H, Pasquier G (2015) Long-term outcomes of primary constrained
condylar knee arthroplasty. Orthop Traumatol Surg Res 101(4):
449–454. https://doi.org/10.1016/j.otsr.2015.01.020

23. Berend ME, Bertrand T (2007) The role of implant constraint: not
too little, not too much. Orthopedics 30(9):793–794

24. Song SJ, Detch RC, MaloneyWJ, Goodman SB, Huddleston JI 3rd
(2014) Causes of instability after total knee arthroplasty. J
Arthroplast 29(2):360–364. https://doi.org/10.1016/j.arth.2013.06.
023

25. Indelli PF, Giori N, Maloney W (2015) Level of constraint in revi-
sion knee arthroplasty. Curr RevMusculoskelet Med 8(4):390–397.
https://doi.org/10.1007/s12178-015-9295-6

26. Prudhon JL, Caton JH, Aslanian T, Verdier R (2018) How is patella
height modified after total knee arthroplasty? Int Orthop 42(2):311–
316. https://doi.org/10.1007/s00264-017-3539-6

27. Boelch SP, Arnholdt J, Holzapfel BM, Jakuscheit A, Rudert M,
Hoberg M (2018) Revision knee arthroplasty with rotating hinge
systems in patients with gross ligament instability. Int Orthop.
https://doi.org/10.1007/s00264-018-3982-z

28. Koh IJ, Kim TK, Chang CB, Cho HJ, In Y (2013) Trends in use of
total knee arthroplasty in Korea from 2001 to 2010. Clin Orthop
Relat Res 471(5):1441–1450. https://doi.org/10.1007/s11999-012-
2622-y

1840 International Orthopaedics (SICOT) (2019) 43:1831–1840

https://doi.org/10.1007/s00264-017-3490-6
https://doi.org/10.1007/s00264-017-3490-6
https://doi.org/10.1016/j.arth.2013.04.042
https://doi.org/10.1016/j.arth.2013.04.042
https://doi.org/10.1016/j.arth.2015.04.019
https://doi.org/10.5792/ksrr.2016.28.1.55
https://doi.org/10.5792/ksrr.2016.28.2.130
https://doi.org/10.5792/ksrr.2016.28.2.130
https://doi.org/10.1007/s00167-018-5054-8
https://doi.org/10.1007/s00167-018-5054-8
https://doi.org/10.1115/1.4033678
https://doi.org/10.1007/s11999-009-1204-0
https://doi.org/10.1007/s11999-009-1204-0
https://doi.org/10.1016/j.arth.2015.07.009
https://doi.org/10.1016/j.arth.2015.07.009
https://doi.org/10.1007/s00167-012-1998-2
https://doi.org/10.1007/s00167-012-1998-2
https://doi.org/10.4055/cios.2010.2.2.112
https://doi.org/10.1055/s-0037-1615802
https://doi.org/10.1055/s-0037-1615802
https://doi.org/10.1016/j.arth.2016.07.013
https://doi.org/10.1016/j.arth.2016.07.013
https://doi.org/10.1007/s00264-013-2262-1
https://doi.org/10.1007/s00264-013-1929-y
https://doi.org/10.1007/s00264-013-1929-y
https://doi.org/10.1016/j.arth.2015.12.011
https://doi.org/10.1016/j.otsr.2015.01.020
https://doi.org/10.1016/j.arth.2013.06.023
https://doi.org/10.1016/j.arth.2013.06.023
https://doi.org/10.1007/s12178-015-9295-6
https://doi.org/10.1007/s00264-017-3539-6
https://doi.org/10.1007/s00264-018-3982-z
https://doi.org/10.1007/s11999-012-2622-y
https://doi.org/10.1007/s11999-012-2622-y

	Factors affecting the choice of constrained prostheses when performing revision total knee arthroplasty
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Materials
	Methods
	Evaluation of the extents of constraint
	Clinical evaluation
	Radiographic evaluation
	Statistical analysis
	Factors affecting the level of constraint
	Surgical technique


	Results
	Constraint levels
	Clinical results
	Radiographic results
	Factors affecting the choice of constrained prostheses

	Discussion
	Conclusion
	References


