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Objectives

Preservation of posterior condylar offset (PCO) has been shown to correlate with improved
functional results after primary total knee arthroplasty (TKA). Whether this is also the case
for revision TKA, remains unknown. The aim of this study was to assess the independent
effect of PCO on early functional outcome after revision TKA.

Methods

A total of 107 consecutive aseptic revision TKAs were performed by a single surgeon during
an eight-year period. The mean age was 69.4 years (39 to 85) and there were 59 female
patients and 48 male patients. The Oxford Knee Score (OKS) and Short-form (SF)-12 score
were assessed pre-operatively and one year post-operatively. Patient satisfaction was also
assessed at one year. Joint line and PCO were assessed radiographically at one year.

Results

There was a significant improvement in the OKS (10.6 points, 95% confidence interval (Cl)
8.8 to 12.3) and the SF-12 physical component score (5.9, 95% Cl 4.1 to 7.8). PCO directly
correlated with change in OKS (p < 0.001). Linear regression analysis confirmed the inde-
pendent effect of PCO on the OKS (p < 0.001) and the SF-12 physical score (p = 0.02). The
overall rate of satisfaction was 85% and on logistic regression analysis improvement in the
OKS (p = 0.002) was a significant predictor of patient satisfaction, which is related to PCO;
although this was not independently associated with satisfaction.

Conclusion

Preservation of PCO should be a major consideration when undertaking revision TKA. The
option of increasing PCO to balance the flexion gap while maintaining the joint line should
be assessed intra-operatively.
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Article focus
The influence of posterior condylar offset
on the functional outcome of revision
total knee arthroplasty.

Single surgeon series is a potential weak-
ness and the observed results may not be
generalisable to other centres.
Use of different implants is another limita-
tion of this study.
Key messages
Posterior condylar offset after revision
total knee arthroplasty is an independent
predictor of functional outcome, and
should be maintained and increased to
balance the flexion gap if needed.

Introduction

The rate of total knee arthroplasty (TKA) has
increased rapidly during the last decade, and
approximately 64 000 are performed each
year in the United Kingdom.! The frequency
of revision surgery has also increased, but at

Strengths and limitations
The prospective data collection is a major
strength of the study.

a greater rate, more than doubling in num-
ber during the last decade.? This revision bur-
den will likely continue to increase into the
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future due to the accelerating rate of primary TKA and
increasing patient longevity. It is acknowledged that the
outcome of revision TKA is inferior to primary TKA.3

Joint line position after primary TKA has been shown
to correlate with functional outcome.* Failure to restore
the joint line in revision TKA has also been demonstrated
to result in a diminished functional outcome.>¢ This may
be related to increased patellofemoral joint contact
forces, which increases with elevation of the joint line.”
Due to distal femoral bone loss, elevation of the joint line
in revision TKA may occur if distal femoral augments are
not used.>68 In addition, restoration of posterior femoral
condylar offset (PCO) is also an important aspect of revi-
sion TKA, providing flexion stability and potentially
increasing the range of movement.®'" However, restora-
tion of PCO during revision TKA is difficult due to poste-
rior femoral condylar bone loss, which potentially results
in undersizing of the femoral component.’? Hence, to
balance the knee in both flexion and extension, a thicker
polyethylene insert will be needed, which will result in
elevation of the joint line.’? Two recent studies have high-
light increased PCO after revision TKA with improved
outcomes,’>'* however, whether this independently
influences the functional outcome of revision TKA,
remains unknown.

The primary aim of this study was to assess the inde-
pendent effect of PCO on early joint specific functional
outcome after revision TKA. The secondary aims were to
assess the independent effect of PCO on overall generic
health and patient satisfaction after revision TKA.

Materials and Methods

Cohort. During an eight-year period (2004 to 2011),
107 patients with a mean age of 69.4 years (39 to 85, 59
women, 48 men) undergoing revision TKA by the senior
author at the study centre had pre- and post-operative
outcome data recorded. Patients requiring revision
for infection were excluded (n = 11). Revision surgery
was only performed once a cause for the failure had
been identified, being that of instability, polyethylene
wear, and/or lysis/subsidence of the primary implant.
Patient demographics and comorbidity were recorded
at pre-operative assessment. Categories of comorbidity
included were: heart disease, hypertension, lung disease,
vascular disease, neurological problems, stomach ulcer,
kidney disease, liver disease, depression, and back pain.
Outcome. The Oxford Knee Score (OKS)'> and Short-
Form (SF-) 1276 were used to assess joint specific func-
tional outcome and generic health. These were recorded
pre-operatively and at one year post-operatively. The
OKS consists of 12 questions assessed on a Likert scale
with values from 1 to 5, a summative score is then
calculated where 12 is the best possible score (least
symptomatic) and 60 is the worst possible score (most
symptomatic). The physical component score (PCS) of

the SF-12 was used to assess the global physical function
of each patient. The mental component score (MCS) of
the SF-12 was used to assess the mental health of each
patient. A minimal clinically important difference, which
is the smallest change in the score thought to be of clini-
cal importance, was defined as five points for both the
OKS and SF-12 PCS."7

Patient satisfaction with the revision TKA was assessed
using a four-point Likert scale at one year after surgery:
very satisfied, satisfied, neutral, and unsatisfied. This has
been used previously to assess patient satisfaction after
TKA,'® using unsure and unsatisfied categories as the dis-
satisfied patient group.
Implant. During the study period the senior author used
the Kinemax Plus Total Stabiliser (TS) (Stryker Howmedica
Osteonics, Allendale, New Jersey) from 2004 to 2007,
then from 2008 onwards used the Triathlon TS (Stryker”).
The design differences are illustrated in Figure 1. The
uncemented Kinemax stems were 80 mm and 155 mm
in length, whereas the cemented Triathlon stems were
50 mm and 100 mm. All patients were reviewed at a pre-
assessment clinic. A standardised rehabilitation protocol
was used for all patients. Patients were then reviewed at
six weeks, six months and 12 months post-operatively.

Bone loss was classified intra-operatively according to
Anderson Orthopaedic Research Institute!® classification
by the senior author (RB) prospectively. Intact metaphy-
seal bone is defined as type 1, and metaphyseal bone loss
without ligament/tendon compromise is defined as type
2. All patients with type 3 defects (metaphyseal bone loss
which compromises collateral ligaments or patellar ten-
don) were excluded, as the implants described above are
non-linked semi-constrained designs, and hence depend
upon intact collateral ligaments for stability.
Surgical technique. All surgical exposures were per-
formed through the original skin incision, with a stan-
dard medial parapatellar approach. No patient required
a quadriceps snip or turndown, or tibial tubercle oste-
otomy. A full synovectomy was performed as part of the
surgical exposure. The implants were removed as care-
fully as possible in order to preserve maximal bone stock.
At that stage it was decided whether the collateral liga-
ments were competent. If intact, a TS TKA was used. A
pin was inserted into the medial epicondyle, which was
used as a reference point to ensure that the joint line and
the PCO were restored intra-operatively with the revision
prosthesis, using distal and posterior augments as appro-
priate. The PCO was increased for some patients in order
to balance the flexion gap using posterior augments and
in some cases increasing the size of the femoral compo-
nent. The Kinemax TS relied upon hybrid fixation; using
uncemented press fit stems and a cemented metaphy-
sis. In contrast, the Triathlon TS uses cement fixation,
using third-generation cementing techniques during
implantation. The seven-degree anterior flange cut and
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Fig. 1
Anterior and lateral views of the Kinemax TS (to the left) and Triathlon TS (to the right) revision TS TKA systems.

Fig. 2

Measurement of posterior condylar offset (PCO) and anterior condylar offset
(ACO) on a true lateral radiograph to the distal femur. PCO was measured (A)
relative to the tangent of the posterior cortex of the femur and ACO was mea-
sured (C) relative to the tangent of the anterior cortex of the femur. The PCO
ratio was calculated by dividing PCO by the width of the femoral diaphysis at
the level of the condylar flare (A/B). The ACO ratio was calculated by dividing
ACO by the width of the femoral diaphysis at the level of the condylar flare (C/B).

anterior translation of the femoral stem in the Triathlon
TS TKA avoided extension and anterior displacement of
the femoral component during implantation. The short
cemented stems facilitated slight flexion of the compo-
nent and allowed the PCO to be increased to balance the
flexion gap. It was not standard practice to resurface the
patella during the revision surgery, and was only per-
formed if a patient displayed patellofemoral symptoms.
Radiographic assessment. The one-year post-operative
radiograph was assessed for limb alignment, joint line
position, and PCO by an independent researcher (NDC).
Limb alignment was measured as described by Luo.20
Joint line was measured relative to the tibial tuberosity,
as described by Figgie et al,2" and the difference relative
to pre-operative radiographs (primary knee) was used as
a linear variable to assess the effect upon outcome. PCO
was measured on a true lateral radiograph according to
the technique described by Bellemans et al,® and was cor-
rected for radiographic magnification using the femoral
diameter at the level of the posterior flare to calculate a
ratio (Fig. 2).22 Anterior condylar offset (ACO) was also
measured using a similar technique, as used to assess
PCO which was also corrected for radiographic magnifi-
cation using the femoral diameter at the level of the pos-
terior flare to calculate a ratio (Fig. 2).

Statistical analysis. The Statistical Package for Social
Sciences version 17.0 (SPSS Inc., Chicago, lllinios) was
used to analyse data. Parametric and non-parametric
tests were used as appropriate to assess continuous
variables for significant differences. All linear variables
demonstrated normal distribution, except the number of
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Table I. Outcome scores for the complete cohort (n = 107)

Score Pre-operative Post-operative  Difference (95% confidence interval) p-value®
Oxford Knee Score (mean, sD) 40.6 (7.7) 30.0(11.1) 10.6 (8.8 to 12.4) < 0.0001
Short form-12 physical component score (mean, sb) 30.0 (8.1) 35.7 (10.6) 59(4.1t07.8) < 0.0001
Short form-12 mental component score (mean, sD) 47.2 (12.6) 49.5 (11.3) 2.2(0.1to4.4) 0.04

*paired student’s t-test

40
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Fig. 3
Graph showing the correlation between posterior condylar offset (PCO) ratio

and improvement in Oxford Knee Score (OKS) one year after revision total
knee arthroplasty (r = 0.45, p < 0.001 Pearson’s correlation).

comorbidities per patient. Paired or unpaired Student’s
t-tests, or a Mann Whitney U-test, were used to compare
linear variables. Pearson’s or a Spearman’s rank correla-
tion were used to assess the relationship between linear
variables. Dichotomous variables were assessed using a
chi-squared or a Fisher’s exact test if one or more vari-
ables included < 5. Multivariable linear regression and
logistic regression analyses were used to assess the inde-
pendent effects of predictors significant to the 10% level
or less on a univariable analysis, for change in outcome
scores and satisfaction, respectively. A p-value of < 0.05
was considered significant.

Ethical approval was obtained for analysis and publi-
cation of the presented data from the regional ethics
committee (11/AL/0079).

Results

The mean age of the study group was 69.4 years (sD 9.2,
39 to 85). There was a female predominance of 59
patients (55.1%), compared with 48 male patients. The
mean number of comorbidities was 2 (sD 1.6, 0 to 6),
with only 25 patients (23.4%) having no reported
comorbidity. No patients’ recovery was complicated by
infection, or need for re-revision before the one-year
assessment. The mean pre-operative PCO ratio was
0.782 (sb 0.160), which increased significantly
(p = 0.001, paired t-test) post-operatively to 0.947 (sD
0.152). The joint line did not significantly change relative

Table Il. Predictors of change in the outcome measures after revision total
knee arthroplasty on univariable analysis. Numbers in bold indicate statistical
significance

Change in outcome score

Predictor OKs SF-12PCS SF-12 MCS
Age (yrs) Correlation 0.22 0.21 -0.08
p-value”® 0.02 0.03 0.41
Gender Male 10.9 5.8 1.0
Female 10.3 6.1 3.2
p-valuef 0.76 0.88 0.31
Comorbidities Correlation 0.08 -0.13 -0.16
p-value# 0.43 0.12 0.11
Pre-operative outcome scores
OKS Correlation 0.14 -0.11 -0.1
p-value® 0.15 0.26 0.37
SF-12 PCS Correlation 0.01 -0.30 0.21
p-value® 0.92 0.002 0.03
SF-12 MCS Correlation 0.05 0.14 -0.56
p-value”® 0.61 0.14 < 0.0001
PCO Correlation 0.45 0.37 0.1
p-value* < 0.0001 0.002 0.34
ACO Correlation -0.38 -0.21 0.51
p-value® 0.0001 0.03 0.56
Joint line Correlation -0.15 -0.06 -0.21
p-value® 0.13 0.57 0.03
Implant Kinemax 8.3 3.2 0.16
Triathlon 12.9 8.6 4.3
p-valuef 0.009 0.04 0.06

*Pearson correlation

fStudent’s t-test

¥Spearman’s rank correlation

OKS, Oxford Knee Score; SF, short form; MCS, mental component score;
PCS, physical component score; PCO, posterior condylar offset; ACO, ante-
rior condylar offset

to pre-operative radiographs (difference 2 mm, p = 0.12,
paired t-test).

Overall, there was a significant improvement in the
OKS and SF-12 PCS and MCS (Table I), of which the OKS
and SF-12 PCS were beyond the minimal clinically
important difference of five points. Increasing age and
PCO ratio (Fig. 3), decreasing ACO ratio, and those
receiving a Triathlon TS implant, were associated with a
significantly greater improvement in the OKS at one year
on univariable analysis (Table Il). These variables were
also significant predictors of improvement in the SF-12
PCS post-operatively. In addition, a poorer pre-operative
SF-12 PCS was also associated with a greater improve-
ment in this outcome measure post-operatively (Table II).
In contrast, a better pre-operative SF-12 PCS was associ-
ated with a greater improvement in the SF-12 MCS
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Table I11. Multivariate linear regression
arthroplasty (TKA)

176

analysis to identify independent predictors of improvement in outcome measures after revision total knee

Predictors in model B 95% confidence intervals p-value’
Improvement in OKS (R = 0.20)

PCO ratio 27.6 16.74 38.47 < 0.0001
Constant -15.48 -25.9 -5.06 0.004
Improvement in SF-12 PCS (R2 = 0.18)

Pre-operative SF-12 PCS -0.36 -0.57 -0.14 0.002
PCO ratio 18.38 6.68 30.08 0.02
Constant -0.94 -14.29 12.41 0.89
Improvement in SF-12 MCS (R2 = 0.36)

Pre-operative SF-12 MCS -0.51 -0.66 -0.37 < 0.0001
Triathlon TS TKA (Stryker) 3.71 0.05 7.38 0.047
Constant 24.73 17.34 32.13 < 0.0001

*Multivariate linear regression

OKS, Oxford Knee Score; SF, short form; MCS, mental component score; PCS, physical component score; PCO, posterior condylar offset; ACO, anterior

condylar offset

Table IV. Predictors of satisfaction after revision total knee arthroplasty on univariable analysis (n = 106)

Predictor Satisfied (n = 91) Dissatisfied (n = 15) Difference (95% confidence interval) p-value
Age (yrs: mean, sD) 69.8 (8.9) 66.6 (10.3) 3.3(-1.8t08.3) 0.20°
Gender (male/female) 42/50 6/9 - 0.68f
Comorbidities (n: mean, sp) 2.0(1.6) 2.4(1.2) 0.4(-1.2t0 0.5) 0.38%
Pre-operative (mean, sD)

OKS 40.7 (7.5) 40.1 (8.8) 0.6 (-3.6t0 4.9) 0.77
SF-12 PCS 29.4 (8.0) 31.8 (8.8) 2.3(-6.8t02.1) 0.31°
SF-12 MCS 47.9 (12.9) 43.1(11.0) 4.7 (2.2t011.7) 0.18"
Change in score (mean, sD)

OKS 12.3 (8.6) 0.3(5.6) 12.0 (7.4 t0 16.5) < 0.0001"
SF-12 PCS 7.1 (9.5) -1.5(8.2) 8.6 (3.5 to0 13.8) 0.001*
SF-12 MCS 2.4(11.1) 1.0 (8.2) 1.4(-49t07.7) 0.65"
PCO ratio (mean, sb) 0.97 (0.15) 0.82(0.11) 0.15 (0.07 to 0.23) < 0.0001"
ACO ratio (mean, sb) 0.15 (0.10) 0.21 (0.09) 0.06 (0.01 to 0.11) 0.002"
Joint line (mean, sD) 0.1 (4.6) 3.3(4.5) 3.2(0.61 to 5.76) 0.016"
Implant (Kinemax/Triathlon) 39/53 14/1 - < 0.0001*

*t-test
TFishers exact test
¥Mann Whitney U test

OKS, Oxford Knee Score; SF, short form; MCS, mental component score; PCS, physical component score; PCO, posterior condylar offset; ACO, anterior

condylar offset

post-operatively. There was no significant correlation
between time of surgery and outcome measure for either
group (Spearman p > 0.4). Interestingly, increasing PCO
ratio was associated with a greater improvement in the
OKS for both the Kinemax (r = 0.43, p < 0.001 Pearson)
and Triathlon (r = 0.45, p < 0.001, Pearson) groups.

Variables from Table Il, significant at the 10% level
(p < 0.1) on univariable analysis, were entered into
linear regression models using stepwise methodology.
PCO ratio was a significant independent predictor of
the OKS (primary outcome) and the SF-12 PCS (sec-
ondary outcome) when adjusting for confounding
variables (Table IlI).

The overall satisfaction rate was 85%, with 91 patients
being very satisfied or satisfied with their outcome at one
year. However, one patient did not complete this in their
questionnaire, hence 15 patients were either unsure or
dissatisfied. A greater change in OKS and SF-12 PCS,
increased PCO ratio, decreased ACO ratio, restoration of

joint line, and Triathlon TS implant were associated with
a greater rate of patient satisfaction at one year on uni-
variable analysis (Table IV). Entering these variables into
the multivariable bivariate regression model confirmed
that improvement in OKS and Triathlon TS implant were
independent predictors of one-year satisfaction (Table V).

Discussion
This study has demonstrated that PCO is an independent
predictor of early functional outcome, for both the joint
specific OKS and generic physical health SF-12 score,
after aseptic revision TKA. Patient satisfaction was shown
to be high (85%) overall and that a greater improvement
in the OKS was associated with a greater rate of patient
satisfaction. Hence, preservation of the PCO should be a
major consideration in the pre-operative planning when
preforming a revision TKA.

Restoration of the native joint line during revision total
knee surgery TKA is difficult, and failure to restore this
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Table V. Predictors of satisfaction after revision total knee arthroplasty (TKA)
on bivariate regression analysis. All variables significant at the 10% level (Table
IV) were all entered into the model using forward conditional methodology
(Nagelkerke R2 = 0.50)

Predictors of model B Odds Ratio 95% p-value
confidence
intervals
Change OKS 0.23 1.26 1.11to 1.43 0.002
Triathlon TS TKA (Stryker) 2.42 1.24 1.09 to 1.43 0.04
Constant -0.02 0.98 - 0.97

OKS, Oxford Knee Score

results in a poor functional outcome for the patient.¢12
Porteous et al® demonstrated a diminished functional
outcome in patients undergoing revision TKA with eleva-
tion of the joint line more than 5 mm. Partington et al®
also showed that elevation of the joint line after revision
TKA resulted in a poorer functional outcome, but they
found a greater tolerance of up to 8 mm. We also identi-
fied joint line to be a factor in predicting functional out-
come on univariable analysis. However, when adjusting
for confounding variables, PCO ratio was the only radio-
graphic predictor of outcome. Neither Porteous et al® nor
Partington et al> analysed the effect of PCO on outcome,
and it may be those patients who had their joint line
restored also had a greater PCO to balance the knee in
flexion. Those patients with an elevated joint line may
have had downsizing of the femoral component with
subsequent loss of PCO;'? a compromise that some
authors propose to balance the knee.?3 Hence, this would
explain the results of Porteous et al® or Partington et al,*
and how these relate to our findings.

It is acknowledged that restoration of an adequate
PCO in revision TKA is important — providing stability in
flexion and limiting posterior tibiofemoral impingement
in deep flexion.>'2 PCO can be increased with use of an
oversized component, a flexed stemmed implant that
displaces the condylar component posteriorly, or poste-
rior offset stem coupler. However, use of an oversized
component may cause soft-tissue impingement resulting
in pain.?* The use of intramedullary stems to provide
implant stability has been shown to influence the anter-
oposterior position of the condylar portion of the femoral
component.?> Furthermore, straight femoral stems have
been shown to result in a diminished PCO relative to off-
set stems.26 Flexion of the stem may result in anterior
bony impingement between the proximal uncemented
stem tip and anterior femoral cortex, which may contrib-
ute to stem tip pain.?” However, modern revision systems
using short anterior translated cemented stems, allow
the surgeon to maintain PCO and avoid the need to over-
size without the risk of tip contact pain.

This study has identified PCO to be an independent
predictor of outcome after revision TKA, with increasing
PCO resulting in an improved outcome which has been

observed for primary TKA previously.> ' Malviya et al'®
demonstrated that after primary TKA, joint line was not a
predictor of range of movement, but similar to our
results, they found PCO to have a greater and more sig-
nificant correlation. A recent study demonstrated that the
normal PCO ratio is 0.80.28 Interestingly, the mean PCO
ratio for the Kinemax TS group was 0.86, which is greater
than that predicted for the patients’ native knee.
Furthermore, the mean PCO ratio in the Triathlon group
was 1.04, even greater than that predicted for their native
knee. This increase in PCO with a balanced TKA is only
possible if there has been soft-tissue disruption, which is
likely at revision surgery.?* The posterior cruciate liga-
ment will have been excised and the popliteus tendon
will probably have lost its insertion due to condylar bone
loss. In addition, the posterior capsule will have probably
been disrupted. Increasing the PCO beyond that expected
in the native knee probably compensates for this soft-
tissue disruption and allows for a non-linked semi con-
strained revision TKA to be used. Furthermore, there is
evidence that increasing PCO tightens the extension gap
in primary TKA,%?® and hence increasing this in revision
TKA may help with ligamentous stability of the knee not
only in flexion, but also in extension with increased soft-
tissue tension as the posterior structures bow string over
the condyles. However, we acknowledge that there is a
point of diminishing return when the PCO increases to
the extent the knee becomes tight, and flexion is reduced.
We have shown that with a PCO ratio beyond 1.1, which
is approximately 40% greater than the native knee, no
further improvement in the OKS was observed and is
likely the upper limit that should be accepted.

An interesting observation of this study was the find-
ing that patients receiving a Triathlon TS TKA were more
likely to have a significant improvement in their mental
wellbeing. This is probably due to the superior outcome
associated with the Triathlon group, with an improved
outcome associated with an improvement in a patient’s
mental well-being. This may be due to the pain relief
achieved by their implant, evident from their improved
OKS, as chronic pain has been demonstrated to have a
negative effect on mental health.3°

There are several limitations to the current study,
which included different implants, that were performed
by a single surgeon in a relative small cohort of patients.
The reason for including both implants was simply due
to evolution of implant design over the study period, as
the data were collected prospectively we continued
with the original protocol after the change. Although
the single surgeon series may be a limiting factor, the
surgical technique did not change during the study
period. However, with the change in the implant design
this did facilitate maintenance of the PCO. The current
study is a small cohort of patients, but there are rela-
tively few published studies reporting larger cohorts
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with radiographic measures. To minimise these limita-
tions joint registries may be able to collect such data
including implant size, radiographic measures, and
functional outcome on a national scale to help affirm
the influence of PCO.

The revision burden of TKA will likely continue to
increase in the future, and the optimal outcome is
essential to limit patient disability. Preservation of PCO
should be a major consideration when undertaking
revision TKA, and increasing PCO to balance the flexion
gap while maintaining joint line should be assessed
intra-operatively.

References
1. Culliford DJ, Maskell J, Beard DJ, et al. Temporal trends in hip and knee

replacement in the United Kingdom: 1991 to 2006. J Bone Joint Surg Br 2010;92-

B:130-135.

No authors listed. NHS Scotland Scottish Arthroplasty Annual Report 2010. http://

www.arthro.scot.nhs.uk/Reports/Scottish_Arthroplasty_Project_Report_2010.pdf.

In: 2010. (date last accessed 22 January 2017)

. Friedman RJ, Poss R. Revision total knee arthroplasty in patients with osteoarthritis.

Rheum Dis Clin North Am 1988;14:537-544.

Babazadeh S, Dowsey MM, Swan JD, et al. Joint line position correlates with

function after primary total knee replacement: a randomised controlled trial comparing

conventional and computer-assisted surgery. J Bone Joint Surg Br2011;93-B:1223-1231.

Partington PF, Sawhney J, Rorabeck CH, et al. Joint line restoration after

revision total knee arthroplasty. Clin Orthop Relat Res 1999:165-171.

. Porteous AJ, Hassaballa MA, Newman JH. Does the joint line matter in revision
total knee replacement? J Bone Joint Surg Br2008;90-B:879-884.

. Konig C, Sharenkov A, Matziolis G, et al. Joint line elevation in revision TKA
leads to increased patellofemoral contact forces. J Orthop Res 2010;28:1-5.

. Hoeffel DP, Rubash HE. Revision total knee arthroplasty: current rationale and
techniques for femoral component revision. Clin Orthop Relat Res 2000:116-132.

. Bellemans J, Banks S, Victor J, et al. Fluoroscopic analysis of the kinematics of
deep flexion in total knee arthroplasty. Influence of posterior condylar offset. J Bone
Joint Surg Br2002;84-B:50-53.

10. Malviya A, Lingard EA, Weir DJ, Deehan DJ. Predicting range of movement after
knee replacement: the importance of posterior condylar offset and tibial slope. Knee
Surg Sports Traumatol Arthrosc 2009;17:491-498.

11. Massin P, Gournay A. Optimization of the posterior condylar offset, tibial slope, and
condylar roll-back in total knee arthroplasty. J Arthroplasty 2006;21:889-896.

12. Bellemans J. Restoring the joint line in revision TKA: does it matter? Knee
2004;11:3-5.

13. Hitt K, Bhowmik-Stoker M, Howard M, et al. Joint line restoration in a
contemporary revision knee system. J Knee Surg 2015;28:75-82.

14. Kannan A, 0'Connell RS, Kalore N, et al. Revision TKA for Flexion Instability
Improves Patient Reported Outcomes. J Arthroplasty 2015;30:818-821.

15. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of
patients about total knee replacement. J Bone Joint Surg Br1998;80-B:63-69.

16. Jenkinson C, Layte R. Development and testing of the UK SF-12 (short form health
survey). J Health Serv Res Policy 1997;2:14-18.

[ad

w

=

L

(=]

~

w

17. Clement ND, MacDonald D, Simpson AH. The minimal clinically important
difference in the Oxford knee score and Short Form 12 score after total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc 2014;22:1933-1939.

18. Scott CE, Howie CR, MacDonald D, Biant LC. Predicting dissatisfaction following
total knee replacement: a prospective study of 1217 patients. J Bone Joint Surg Br
2010;92-B:1253-1258.

19. Engh GA. Bone defect classification. In: Rorabeck CH, ed. Revision total knee
arthroplasty Engh, GA: Williams and Wilkins; 1997:63-120.

20. Luo CF. Reference axes for reconstruction of the knee. Knee 2004;11:251-257.

21. Figgie HE IIl, Goldberg VM, Heiple KG, et al. The influence of tibial-patellofemoral
location on function of the knee in patients with the posterior stabilized condylar knee
prosthesis. J Bone Joint Surg Am 1986,68-A:1035-1040.

22. Bauer T, Biau D, Colmar M, et al. Influence of posterior condylar offset on knee
flexion after cruciate-sacrificing mobile-bearing total knee replacement: a prospective
analysis of 410 consecutive cases. Knee 2010;17:375-380.

23. Jacofsky DJ, Della Valle CJ, Meneghini RM, et al. Revision total knee
arthroplasty: what the practicing orthopaedic surgeon needs to know. Instr Course
Lect2011;60:269-281.

24. MacDonald SJ, Charron KD, Bourne RB, et al. The John Insall Award: gender-
specific total knee replacement: prospectively collected clinical outcomes. Clin
Orthop Relat Res 2008;466:2612-2616.

25. Mahoney OM, Kinsey TL. Modular femoral offset stems facilitate joint line
restoration in revision knee arthroplasty. Clin Orthop Relat Res 2006;446:93-98.

26. Brilhault JM, Ries MD. Influence of offset stem couplers in femoral revision knee
arthroplasty: a radiographic study. Knee 2012;19:112-115.

21. Barrack RL, Rorabeck C, Burt M, Sawhney J. Pain at the end of the stem after
revision total knee arthroplasty. Clin Orthop Relat Res 1999:216-225.

28. Johal P, Hassaballa MA, Eldridge JD, Porteous AJ. The Posterior Condylar
Offset Ratio. Knee 2012;19:843-845.

29. Mitsuyasu H, Matsuda S, Fukagawa S, et al. Enlarged post-operative posterior
condyle tightens extension gap in total knee arthroplasty. J Bone Joint Surg Br
2011;93-B:1210-1216.

30. Fishbain DA, Cutler R, Rosomoff HL, Rosomoff RS. Chronic pain-associated
depression: antecedent or consequence of chronic pain? A review. Clin J Pain
1997;13:116-137.

Funding Statement
Authors R. Burnett and D. F. Hamilton have received grants which have been used
by the University of Edinburgh. In addition, they have received funding from Stryker
and AR-UK (Hamilton), none of which is related to this article.

Author Contribution
N. D. Clement: Study concept, data collection and/or analysis, editing and approval
of the final manuscript.
D. J. MacDonald: data collection and/or analysis, editing and approval of the final
manuscript.
D. F. Hamilton: data collection and/or analysis, editing and approval of the final
manuscript.
R. Burnett: Study concept, data collection and/or analysis, editing and approval of
the final manuscript.

ICMJE Conflicts of Interest
None declared.

© 2017 Clement et al. This is an open-access article distributed under the terms
of the Creative Commons Attributions licence (CC-BY-NC), which permits unrestricted
use, distribution, and reproduction in any medium, but not for commercial gain, pro-
vided the original author and source are credited.

VOL. 6, NO. 3, MARCH 2017



