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Abstract
Introduction It has been shown that the distance between the
joint line (JL) and the fibular head is constant in both knees in
a given individual. We analysed the influence of the JL level
difference between the revised knee and the native knee from
the functional outcomes after TKR revision.
Methods This multicentre study assessed retrospectively a
consecutive series of 177 revised total knee replacements.
Patients with contralateral knees that had undergone previous
major surgery or trauma were excluded. The JL level differ-
ence between both knees was measured on Knee’s AP stand-
ing X-rays and compared to the KSS Knee and Function
scores at the final follow-up.
Results Eighty-five cases were analysed at a mean of seven
years follow-up. There was a significant increase in KSSKnee
and Function scores after surgery. The average elevation of
the JL was 2.2 mm (s.d. 2.66 mm) compared with the healthy
contralateral knee. When the JL was elevated more than 4 mm

this correlated with a decreased KSS Function score and de-
creased post-operative knee flexion.
Conclusions Poorer functional results are significantly asso-
ciated with an elevation in the JL compared to the contralateral
healthy knee. In those patients with a suitable contralateral
knee the JL level to restore can be assessed by the distance
between the femoral condyle and the apex of the fibular head
of the contralateral knee.

Keywords Functional outcomes . Joint line .Knee . Revision
knee arthroplasty

Introduction

The significant increase of total knee replacement (TKR)
raised the number of subsequent revision procedures needed.
According to a recent study on 300,000 primary TKR, the
revision rate was 4 % after five years and 8.9 % after nine
years [1]. The revision of a total knee is a challenge. Rigorous
pre-operative planning is essential and helps to anticipate dif-
ficulties that may occur during the operation such as skin and
soft tissue cover, bone defects, ligament laxity and balancing,
choice of the constraint and joint line level restoration [2].

Joint line (JL) restoration is one of the keys to a successful
revision TKR as it impacts all the knee kinematics [3–6]. Knee
ligament balancing and joint isometry may depend on resto-
ration of the JL for a successful revision TKR [3–8]. These
principles are based on established concepts proposed by
Ludwig Burmester, a Germanmathematician of the nineteenth
century, and adapted by Menschik establishing two isometric
curves: one femoral and one tibial [9, 10]. If both ligament’s
insertions are located on the Burmester’s curves and its fibres
pass through the instantaneous centre of rotation of the knee,
the ligament can be considered as isometric during the full
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range of movement of the knee (Fig. 1). The collaterals and
cruciate ligaments follow this model (Fig. 1) [9, 10]. From a
clinical viewpoint this means that the joint space remains iso-
metric (same gap in flexion and extension) if the joint centre of
rotation is constant (preservation of the JL) and the ligaments’
length remain constant in flexion and extension (fine liga-
ments balancing).

Restoration of the JL based on the femoral condylar sur-
faces and the tibial plateau is usually less complicated in a
primary TKR. However, bone loss due to implant failure or
prior surgery may complicate it drastically. Menschik concept
can allow to simplify the revision procedure. However, it is
based on two essential pre-requisites; firstly the preservation
of the centre of rotation and thus the JL level and secondly the
presence of functional collateral ligaments. Where the latter
are incompetent, e.g. by overstretching due to poor primary
implant position or iatrogenic injury, then constrained im-
plants need to be considered. However a precise JL level res-
toration remains mandatory.

Several radiological landmarks are described to measure
the JL level: hip and ankle centres, femoral epicondyles, the
anterior tibial tuberosity and the apex of the fibular head [7,
11–15]. However, the inter-individual variability of these
markers is marked thus are not reliable in assessing the true
level of the JL. However, it has been demonstrated that there is
symmetry in the human skeleton [13]. Maderbacher et al.
found that the mean difference of the distance between the
JL and the fibular head apex (FH) between the two knees of
a single individual was 0.0 mm (CI 95 % [−1.1,1.1]) regard-
less of gender, age and degree of osteoarthritis (intraclass cor-
relation coefficient 0.98) [13]. We studied the influence of the
JL level difference between the revised and the healthy knee
measured by this technique, on revised TKR (RTKR)
medium-term outcomes.

Our hypothesis was that functional outcomes are correlated
to a difference between the revised and the native joint line
level.

Materials and methods

A multicentre study involving a consecutive series of 347
RTKR was performed between 2000 and 2010 in five
University Hospitals.

Study cohort

Of the 347 cases, 74 had died, 69 were lost to follow-up and
27 were patients undergoing unicompartmental knee revi-
sions, then 177 patients corresponding to 177 RTKR were
reviewed. All patients reviewed with a standing AP radio-
graph of both knees were included. Fourteen patients with
trauma injury as well as patients with surgical replacement
(79) or severe osteoarthritis (28 Kellgren Lawrence grade 4)
of the contralateral knee were excluded. Arthroscopy was not
considered as exclusion criteria. The study cohort therefore
comprised 85 patients. Patient specific data collected included
age, American Society of Anesthesiology score (ASA), body
mass index (BMI), failure mode (aseptic or septic), symptoms
(loosening, instability, pain), the surgical approach used for
revision, the ligaments status, the bone loss (Anderson
Orthopedic Research Institute Classification), the revised
components (tibial, femoral, both), the type of implants and
the use of bone grafts, wedges or trabecular cone.

Radiological analysis

Radiological analysis was done on calibrated standardized AP
standing’s X-rays of both knees performed at the last follow-up.
An independent blinded observer measured the JL level both on
the healthy and the revised side on two separate occasions with
an interval of 30 days. The JL was defined as the distance
between the tangent to the lower edge of the femoral condyle
bone or implant and the parallel passing through the apex of the
fibular head (Fig. 2). The outcome usedwas themean of the two
measurements. The difference of measure between the revised

Fig. 1 Isometric ligaments—
Burmester curves described by
Menschik. a: The fibers of the
four ligaments (ACL/PCL, MCL
and LCL) have their fibres
passing through the instantaneous
centre of rotation of the knee. b:
The insertions (both proximal and
distal) of the four ligaments
(ACL/PCL, MCL and LCL) are
on the Burmester curve (red line)
c: The ligaments remain isometric
during the full range ofmovement
of the knee
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side (revised JL) and the healthy side (native JL) corresponded
to the JL level difference. The JL was therefore restored ([abso-
lute difference] < 4 mm), raised (revised JL - native JL≥+
4 mm) or lowered (revised JL - native JL≥− 4 mm) after revi-
sion according to data from Fornalski and Martin [16, 17].

Functional outcomes

The International Knee Society (KSS) score separated into
Knee and a Function scores (100 points each) was used as
the functional outcome assessment. It was compared pre-
operatively and at the final follow-up. The range of motion
(flexion and extension) of the operated knee was also mea-
sured pre-operatively and at final follow-up.

Statistical method

We investigated if there was a correlation between the calcu-
lated joint line level difference and the KSS score measured at
the final follow-up. The verification of the normality of the
distributions of quantitative variables was performed by the
method of Shapiro-Wilk. Man-Whitney (unpaired) or

Wilcoxon (matched series) nonparametric tests were used to
compare the distributions of quantitative variables that do not
follow a normal distribution. Kruskal Wallis nonparametric
tests were performed to compare the distributions of quantita-
tive variables with more than two categories that do not follow
the normal distribution and the Friedman test was used for
paired data. ANOVA tests were performed to compare KSS
score, range of motion and JL level according to bone loss. To
assess inter and intra-observer variations of the measurement
technique intraclass correlation coefficients were calculated.
The search for correlations between quantitative variables was
performed by Spearman test. The significance threshold se-
lected for all the statistical analysis was 0.05. Statistical anal-
ysis was performed by the Biostatistics department of
Limoges University Hospital using the XLSTAT® software
(v.2015, Addinsoft, Paris, France).

Results

The demographics, symptoms, surgical approach, and im-
plants used are reported in Table 1.

Fig. 2 Measure of the joint line
level difference between joint line
level on the revised side and the
controlatreal side (b-a)
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The intra and inter-observers agreement (intraclass correla-
tion coefficients) of the measurements were respectively 0.94
and 0.98.

Table 2 shows the mean JL level and the mean JL level
difference.

The mean JL level was 15.2 mm (s.d. 2.9 mm, CI 95 %:
14.6 to 15.9) on the healthy side and 17.4mm (s.d. 3.1 mm, CI
95 %: 16.8 to 18.1) on the revised side. The revised JL level
was elevated by a mean of 2.2 mm (s.d. 2.7 mm, CI 95 %: 1.6
to 2.8) which was statistically significant (p <0.001). The JL
level difference was not altered by the use of wedges or bone

graft (p=0.61), the thickness of polyethylene (p=0.23), the
ligaments status (p=0.06), the septic status (p=0.57) or the
need of a tibial tubercle osteotomy (p=0.48) and the type of
implant (p = 0.55). For the posterior stabilized and rotary
hinge implants, the JL level difference was 1.9 mm (s.d.
2.7 mm, CI 95 %: 1.2 to 2.8) and 2.4 mm (s.d. 2.5 mm, CI
95 %: 1.5-3.3) respectively. Bone loss Anderson type I, IIa
and IIb did not interfere with JL level difference (p=0.12). For
major bone loss, Anderson type III, the JL level difference was
2.9 (s.d. 2.3 CI 95 % 1.7 to 3.9) which was statistically sig-
nificant (p=0.031).

As defined, successful JL restoration was obtained in 56
cases. JL level was raised and lowered in 25 and four cases
respectively.

Table 3 shows the KSS outcome scores according to the JL
difference.

Pre-operative mean Knee and Function KSS scores were
51 (s.d.12, CI 95 %: 48–54) and 46 (s.d.12, CI 95 %: 44–49).
Post-operative scores were 75 (s.d. 14, CI 95 %: 71–78) and
65 (s.d.16, CI 95 %: 62–70). The mean differences of 24 (s.d.
15) and 19 (s.d. 13) points were statistically significant (p
<0.001).

There was a weak but statistically significant correlation
between KSS Function score and the JL difference
(Spearman coefficient =−0.416, p=0.047) (Fig. 3). This was
not demonstrated with regard to the KSS Knee score.

The mean flexion was 98° (s.d.19°, CI 95 %: 93–102) pre-
operatively and 103° (16°, CI 95 %: 96–104) at final follow-
up. There was a mean fixed flexion deformity 2° (s.d. 5°, CI
95 % 1–3) before revision and 3° (s.d. 7°, CI 95 %: 1–5) at
final follow-up. This was not statistically significantly
different.

Similarly there was a weak but statistically significant cor-
relation between the JL difference and post-operative flexion
(Spearman coefficient =−0.468, p=0.013), not demonstrated
with regards to the extension.

Patients with a 4 mm or more elevation of the revised JL
had a statistically reduced post-operative KSS Function score:
59 (s.d. 16) vs 68 (s.d. 14) (p=0.027) and flexion: 92° (s.d.
20°) vs 106° (s.d. 11°) (p=0.014).

Patients with an Anderson type III also had statistically
reduced KSS Function score 58 (s.d. 14, CI 95 %: 53–62)
but without impairment of their range of motion.

Tibial tubercle osteotomy was associated with a poorer
post-operative KSS Function score (−8 points) and poorer flex-
ion (−13°) compared to revised knees without a tibial tubercle
osteotomy (Table 3). There was no difference between septic
and aseptic RTKR with respect to age at the time of revision,
ASA score and BMI. Septic RTKR was associated with a
significantly shorter time before revision (p=0.042) and low-
er mean pre-operative flexion (92° (s.d. 20°, CI 95%: 89–95))
compared to aseptic RTKR (104° (s.d.13°, CI 95 %: 101–
105)). The final follow-up KSS Function score was

Table 1 Patient specific data

Number of cases studied 85

Gender (M/W) 41/44 48-52 %

Mean age (years) 71 s.d. 10.0

ASA

1 15 18 %

2 50 59 %

3 30 23 %

4 0 0 %

Mean BMI (kg/m2) 28.3 s.d. 5.6

Time to revision (years) 6.9 s.d. 6.09

Aetiology

Aseptic loosening 55 65 %

Septic 30 35 %

Symptomatology

Loosening 71 83.5 %

Instability 11 12.9 %

Pain 80 94 %

Operative approach

Median parapatellar 83 98 %

Lateral 2 2 %

Tibial tubercle osteotomy 20 23.5 %

Ligaments status

Intact 52 61 %

Damage 21 25 %

Unknown 12 14 %

Anderson classification

Anderson I 41 48 %

Anderson IIa 22 26 %

Anderson IIb 14 16 %

Anderson III 8 10 %

Component revised

Both 85 100 %

Type of implant

Posterior stabilized (no CCK) 50 59 %

Rotating hinge 35 41 %

Bone graft 4 4.7 %

Wedge 30 35 %
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significantly better in aseptic revision. Patients revised for
sepsis had significantly more post-operative fixed flexion de-
formity than aseptic revisions (Table 3). However linear

regression analysis failed to show the influence of both tibial
tubercle osteotomy and septic status on the KSS/JL associa-
tion (1.2, p=0.11 ; 1.4, p=0.08).

Table 2 Mean JL level and mean
JL level difference Mean JL level (mm) Mean JL level diff (mm)

Revised side Healthy side

Overall 17.4 (s.d. 3.1) 15.2 (s.d. 2.9) 2.2 (s.d. 2.7)

Bone loss

Anderson I 16.6 (s.d. 2.7) 14.8 (s.d. 3.2) 1.8 (s.d. 2.8)

Anderson IIa 17.6 (s.d. 3.1) 15.4 (s.d. 2.3) 2.2 (s.d. 1.9)

Anderson IIb 17.3 (s.d. 2.6) 15.1 (s.d. 2.8) 2.2 (s.d. 3.1)

Anderson III 18.1 (s.d. 2.4) 15.4 (s.d. 1.8) 2.7 (s.d. 2.3)

Ligaments status

Intact 17.5 (s.d. 3.1) 15.3 (s.d 3.7) 2.2 (s.d. 2.2)

Damaged 18.1 (s.d. 2.9) 15.6 (s.d. 3.1) 2.5 (s.d. 1.9)

Type of implant

Posterior stabilized 17.5 (s.d. 2.7) 15.6 (s.d. 2.9) 1.9 (s.d. 2.7)

Rotating hinge 17.7 (s.d. 2.3) 15.3 (s.d. 1.9) 2.4 (s.d. 2.5)

Results in bold are statistically siginificant at a 0.05 treshold

Table 3 The correlation of
functional outcomes according to
the joint line level difference, type
of implant, tibial tubercle
osteotomy status, bone loss and
septic status

KSS function KSS knee Flexion Extension

Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op

Overall sizes 46 65 51 75 98° 103° −2° −3°
Joint level difference

<[4 mm] 47 68 49 74 96° 106° −2° −2,5°
>[4 mm] 45 59 55 71 100° 92° −1,5° −2°
p-value 0.027 0.014

Type of implant

Posterior stabilized 46 68 52 75 98° 102° −3° −2°
Rotating hinge 43 57 50 68 96° 98° −2° −4°
p-value 0.135 0.04 0.053 0.038 0.490 0.392 0.502 0.192

Tibial tubercle osteotomy

Yes 43 58 50 68 93° 91° −2° −6°
No 46 66 52 74 99° 104° −3° −2°
p-value 0.451 0.033 0.304 0.226 0.065 0.008 0.493 0.103

Bone loss

Anderson I 46 71 53 75 98° 110° 0° 0°

Anderson IIa 47 69 51 76 95° 105° −3° −2°
Anderson IIb 45 65 51 73 100° 108° −2° −2°
Anderson III 43 58 49 70 90° 95° 0° 0°

p-value 0.242 0.04 0.56 0.057 0.067 0.427 0.652 0.384

Aseptic group 46 66 50 75 100° 104° −2° −1°
Septic group 43 59 52 70 92° 96° −2° −6°
p-value 0.269 0.029 0.956 0.295 0.023 0.303 0.509 0.020

Results in bold are statistically siginificant at a 0.05 treshold
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Discussion

This study has shown that elevation of the native JL in a
revision TKR above 4 mm is associated with a worse post-
operative function at a mean follow-up of seven years. In
particular the KSS Function score and post-operative flexion
decreases with elevation of the JL. Elevation of the JL directly
affects the extensor apparatus by lowering the patella [1, 4,
19]. It may also create an impingement between the patella
and the polyethylene insert or tibial plateau itself. Therefore,
JL alteration is likely responsible for inferior clinical results as
well as reduced long-term survival [6, 17, 18].

Several studies already described a negative influence on
the clinical results of primary or revised TKR if the JL was
elevated. However, depending on the report and the measure-
ment method, less favourable results were shown if the joint
line level was elevated more than 4, 5 or 8 mm [3, 6, 17–20].
Bieger et al. found a statistical difference in post-operative KSS
score between restored JL assessed by femoral ratio method
(164 vs 138; p<0.0001), but this difference was not shown
when using the Figgie measurement method (162 vs 152;
p = 0.09) [21]. This emphasizes the difficulties to compare
the results of the different studies and the importance of the
assessment method chosen [21].

Worse KSS Function results and significant JL eleva-
tion were also found for major bone loss (Anderson type
III). Actually in the case of major bone loss and/or collat-
eral ligament failure, rotating hinge implants are the only
reliable solution to obtain a reconstructed stable knee.
Nevertheless, it does not intrinsically restore the knee JL
at the anatomical level and the complexity of the proce-
dure associated with bone loss can explain both the worse
KSS score and the rise of the JL level. Finally, joint line

elevation can occur due to excess femoral bone resection
(or loss) or by inserting thicker polyethylene (or tibial
wedge) to tension ligaments. However, if in the first case
it’s often an assessment error of the surgeon; in the second
case it’s a deliberate choice based on a compromise to
treat soft tissue lesions without using constraint implant.
Furthermore, our result showed a tendency to JL elevation
after RTKR and as JL elevation is correlated with poor
outcomes, when balancing the knee, we advocate the use
of femoral distal wedge that will distalize the femoral
component and prevent JL elevation.

Once it is agreed that the JL level should be restored to the
anatomical position, the method for achieving this is disputed.
Several bony landmarks have been proposed. The lower pole
of the patella is not a reproducible marker because of its mo-
bility and the possible contracture of the patellar tendon [12,
22, 23]. The distance to the anterior tibial tuberosity which
varies from 10 mm to 32 mm, and the distance to the medial
epicondyle from 23 mm to 35 mm [12, 21–23].

The apex of the FH can range from 4 to 29 mm to the JL
depending on the studies [12, 14, 22, 23]; we found the range
was 8 mm to 22 mm. Servien et al. studied 200 normal knees
MRI measurement and found a range from 4 to 22 mm (mean
14.11, s.d. 3.04). They stated that this wide variation, indepen-
dent of patient size, was too large to validate the FH as a
reliable landmark [23]. Luyckx et al. found a FH mean of
15.1 (s.d. 3.7) with wide variation and a poor correlation
(r = 0.13) to the femoral width. However, Servien and
Luyckx did not study if symmetry exists between both knees.
Havet et al. performed 25 bilateral knee FHmeasurements and
calculated the difference. No statistically significant difference
was noted between the mean values but the differences were
higher to the defined limits in too many cases to validate it.
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However, they did not used scaled X-rays, which may have
impaired their results.

With each method significant inter-individual anatomical
variations do not produce a reliable JL level from an absolute
value. To overcome this Rajagopal et al. [24] studied ratios
and showed that that the distance between the joint line level
and the trans-epicondylar axis was constant regardless of sex
and size of the individual and was equal to one third of the
intercondylar distance [24]. In the same meaning Iacono and
Luyckx assess the importance of the adductor tubercle as a
bony landmark for the ratio technique [14, 25].

Using the symmetry of the human skeleton, as
Maderbacher et al. we have overcome the inter-
individual variation using the contralateral healthy knee
JL level. Furthermore, a huge advantage in assessing the
JL via the fibular head is the fact that this landmark can
be easily identified during surgery. Major femur or tibia
bone loss can make it difficult to find their related bony
landmarks and so impaired the measurements even when
using a ratio technique.

Our study has several limitations. First, the number of
patients lost to follow-up is significant. The methodology
requires a healthy contralateral knee with radiological im-
ages taken under reproducible and standardized condi-
t ions ; and even measurement b ias can pers i s t .
Furthermore, we report that bone loss is associated with
an increased joint line, which could confound the conclu-
sions, as the severity of bone loss could affect the func-
tional outcomes, rather than the JL elevation itself. Due to
the limited number of patients some of our statistical anal-
ysis may be underpowered. So even if no influence was
found on the linear regression analysis, tibial tubercle
osteotomy as well as the septic status may be confounders
impairing the outcomes rather than the JL elevation itself.
Also our study does not provide support for the planned
restoration of the joint line using this radiological tech-
nique results in better functional outcomes compared to
other methods. To confirm this would require a random-
ized controlled trial comparing this technique to a control
group where joint line restoration is calculated by a dif-
ferent technique. Moreover our results are correlations
without proven cause and effect. It may be possible that
functional results and JL elevation varies in the same way
but according to other factors. This emphasizes the need
of further better designed studies.

In conclusion, in revision TKR, the joint line level to re-
store can be assessed by means of fibular head/JL distance
measured on X-rays taken of the contralateral healthy knee.
In this retrospective multi-centre study elevation of the joint
line above 4 mm, measured by this technique, correlated with
poor functional outcome and decreased range of motion. In
suitable patients this method of assessing the joint line level
may be useful in revision TKR.
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