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Abstract

Purpose Total knee arthroplasty (TKA) is widely used as a treatment for knee osteoarthritis. However, still up to 20% of the
patients are dissatisfied. Joint line elevation after TKA might be a contributing factor as it alters knee kinematics. The aim
of this study was to investigate the effect of joint line elevation on outcome.

Methods A systematic review of the literature was performed to select studies that reported on joint line alterations after
primary or revision TKA and outcome. Studies with comparable outcome parameters were included in a correlation analysis.
Results In total, 396 studies were identified, of which 27 met the inclusion criteria. 8 studies could be included in the correla-
tion analysis. Mean joint line elevation after primary TKA was 3.0 mm and after revision TKA this was 3.6 mm. A statisti-
cally significant negative correlation was found between joint line elevation and the postoperative Knee Society Score (KSS)
function score (p = —0.496, p <0.001). In a pooled analysis, the maintained joint line revision TKA group had statistically
significant better postoperative KSS total scores compared to an elevated joint line group (p <0.001).

Conclusion In this systematic review, a negative correlation between joint line elevation and outcome was found. Further-
more, revision TKAs with a maintained joint line have statistically significant better postoperative KSS scores compared
to an elevated joint line group. To achieve optimal outcome after TKA, restoration of the joint line is one of the parameters
that should be pursued and introduced elevation should not exceed 4 mm.

Level of evidence 1V.

Keywords Systematic review - Correlation analysis - Total knee arthroplasty - Revision total knee arthroplasty - Joint line -
Outcome

Abbreviations JL Joint line

CAS Computer-assisted surgery KSS Knee society score

CR Cruciated retaining MR Measured resection

GB Gap balancing NA Navigation assisted

HTO High tibial osteotomy OKS Oxford knee score
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PCO Posterior condylar offset

PROMs Patient-reported outcome measurements

PS Posterior stabilized

ROM Range of motion

SF 12/36  Short Form

rTKA Revision total knee arthroplasty

TKA Total knee arthroplasty

WOMAC Western Ontario and McMaster Universities
Osteoarthritis Index

Introduction

Satisfaction after total knee arthroplasty ranges between 75
and 90% [8, 9, 13, 29]. Different contributing factors for
dissatisfaction after TKA have been identified like socioeco-
nomic status, mental well-being, fulfilment of expectation,
and the postoperative general physical health of the patient
[12]. From a surgical point of view, joint line elevation,
among other factors, is considered to have a negative effect
on postoperative outcome, since it alters the biomechanics
of the knee. By changing the centre of rotation of the knee,
the isometry of the medial collateral ligament (MCL) is
changed, with mid-flexion instability as a result [15, 34].
In addition, as a consequence of the elevated joint line,
the posterior condylar offset (PCO) is likely to be reduced,
which negatively influences flexion angle and the extensor
mechanism strength, and resolves in mid-flexion instability
[6, 36, 37].

Mean joint line elevation after primary TKA varies
between 1.1 up to 5.6 mm [44, 46]. For revision TKA, this
number is even higher, up to a mean of 8 mm [40]. Some
studies report a correlation between a raised joint line and
patient-reported outcome measures (PROMs) [10, 17, 40],
while others do not find this correlation [49]. Therefore,
there is still debate if minor joint line elevation affects
PROMs after TKA [44], and if so, what amount of joint line
elevation is acceptable after TKA.

Therefore, the aim of the present study was (1) to examine
the effect of joint line alteration on outcome measures after
primary and revision TKA and (2) to investigate whether
practical recommendations can be made concerning accept-
able joint line alterations after (revision) TKA.

Materials and methods

Identification of studies

A systematic literature search was performed with the help
of a clinical librarian. Search terms were: knee arthroplasty,

knee replacement, knee surgery, TKA, joint line, outcome,
joint instability, knee kinematics, and range of motion. The
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following databases were searched: PubMed/Medline, the
Cochrane Clinical Trial Register, and Embase. The search
was limited to English, German, Dutch, and Spanish lan-
guages without limitation of publication date. The search
was performed August 2017. The reference lists of the
included studies were searched for any studies that might
potentially meet the inclusion criteria.

Inclusion and exclusion

PRISMA methodology was used for the analysis and report-
ing of the systematic review [38]. Titles and abstracts from
potentially relevant studies were reviewed using a set of
predefined inclusion and exclusion criteria. Studies were
included when they reported both joint line alterations after
TKA surgery and an outcome measurement. Both primary
as well as revision TKA studies were included in our study.
Studies reporting on (revision) uni-compartmental knee
arthroplasty and knee arthroplasty after high tibial oste-
otomy (HTO) were excluded.

Two reviewers (WvL and KV) independently screened
the titles and abstracts of the studies that could meet the
inclusion criteria. A list of studies to be reviewed in full text
was composed from the input of both reviewers. Finally,
these selected full-text studies were judged on inclusion
and exclusion criteria and a definite selection of studies was
made. Disagreement in the selection process was debated
on and, if necessary, resolved in a group discussion with the
third author (KK).

Data extraction

The following data were extracted from the included studies:
number of TKAs, patient demographics, primary or revi-
sion TKA, type of prosthesis [cruciate retaining (CR) and
posterior stabilized (PS)], method of joint line assessment,
mean joint line alteration, outcome scores, and follow-up
time. The methodological quality of the included studies
was assessed by assigning levels of evidence as defined by
the Oxford Centre for Evidence-Based Medicine [22]. Lev-
els of evidence were assigned by two reviewers (WvL and
KV). Disagreement was resolved by consensus. A grade of
recommendation was added to the present findings based
on the methodological quality of the included studies in the
systematic review [20].

Statistical analysis

Statistical analysis was done using IBM SPSS version
24.0. In the analysis, the joint line alteration and TKA
outcome scores were weighted by the number of patients.
Normal distribution was evaluated by frequency histo-
grams. Degree of correlation [with 95% confidence
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intervals (CIs)] between mean postoperative joint line
alteration and outcome scores was calculated. The pre-
ferred test for correlation analysis depends on the distri-
bution of the data; for normally distributed data, Pear-
son’s correlation is used, for not normally distributed
data, Spearman’s rho is used. Significance was set at the
1% (0.01). A small effect size is defined as p between
0.10 and 0.30, a medium effect size as p between 0.30
and 0.50, and a large effect size is operationally defined
as one that yields p >0.50 [14]. An independent-sample
t test (confidence interval 95%) was used to compare the
outcome of revision TKA groups with the joint line main-
tained versus elevated.

Registration

The systematic review was registered in the Prospero
Database CRD42017057320.

Fig. 1 Flowchart systematic
review

Results

After performing the search, 396 studies were identified.
A total of 27 studies met the inclusion criteria and were
included (Fig. 1) [1-4, 7, 10, 11, 17, 19, 21, 23, 25-28, 30,
32, 35, 39-42, 44-47, 49]. These studies were published
between 1986 and 2017. A total of 18 studies reported on
primary TKA and 9 on revision TKA. The level of evidence
for the included studies was level II for 4 studies, level 111
for 11 studies, and the remaining 12 studies were classified
as level IV.

A great diversity was found across papers in the way joint
line deviation was measured (Table 1). Revision TKA joint
line alteration is defined as the joint line position postop-
erative compared to either the preoperative or the healthy
contralateral knee joint line position. Studies that reported
absolute joint line changes were combined to establish a
mean joint line change after (r)TKA (see Table 1 for eligible
studies). For 1225 primary TKAs, the mean joint line was
raised with 3.0 mm. For 355 revision TKAs, the mean joint
line elevation was 3.6 mm.

Identification

Records identified through
database searching
(n=570)

Additional records identified
through other sources
(n=1)

Records after duplicates removed
(n=396)

Eligibility Screening

Included

A 4

Records excluded
(n=334)

Records screened
(n =366)

A 4

Full-text articles
Full-text articles assessed

for eligibility
(n=32)

excluded, with reasons
No outcome (N = 4)
Language (N=1)

\ 4

Studies included in
review
(n=27)
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Table 1 Study inclusion systematic review: study characteristic table

References Level of  Study population Primary/revision Joint line assess- Joint line presenta-  Outcome measure-  Follow-up time
evidence ment method tion ment
Bae et al. [4] II 32 TKA after HTO  Primary TKA Fibular head Absolute values KSS, WOMAC 6 years
32 TKA
Babazadeh et al. [3] 1I 45 MR TKA Primary TKA Fibular head Absolute values and KSS; SF12; ROM 2 years
49 CAS TKA Adductor tubercle subgroups
Babazadeh etal. [2] 1II 52 MR TKA Primary TKA Resected bone Absolute values KSS; SF12 2 years
51 GB TKA versus prosthesis
thickness
Bieger et al. [7] v 69 TKA Revision TKA Tibial tubercle; Subgroups KSS 2 years
epicondyle ratio
Bin Abd Razak 111 195 CAS TKA Primary TKA Resected bone Absolute values KSS; SF36; OKS; 2 years
etal. [1] versus prosthesis ROM
thickness
Clavé et al. [10] I 85 TKA Revision TKA Fibular head; con- Absolute values and KSS NA
tralateral healthy subgroups
side
Clement and Mac-  1II 107 TKA Revision TKA Tibial tubercle No absolute values  OKS, SF12 1 year
Donald [11]
Figgie et al. [17] v 116 MR TKA Primary TKA Tibial tubercle Absolute values and Mayo Clinical Knee 30-60 months
subgroups Score; ROM
Gohetal. [19] 11T 38 CAS TKA Primary TKA Fibular head Absolute values KSS; OKS; ROM 6 months
38 iAssist TKA
Huang et al. [23] I 36 MR TKA Primary TKA Tibial tubercle Absolute values KSS; patella score;  5-10 years
34 CAS TKA ROM
Hofmann et al. [21] IV 89 TKA Revision TKA Adductor tubercle;  Absolute values and KSS >?2 years
contralateral side subgroups
Ji et al. [25] I 55 MR TKA Primary TKA Adductor tubercle Subgroups KSS; patella score; 1 year
ROM
Kannan et al. [26] v 37 TKA Revision TKA Adductor ratio Absolute values Modified KSS NA
Kawamura and 1 73 TKA Primary TKA Fibular head Absolute values ROM 2 years
Bourne [27]
Kazemi et al. [28] v 60 TKA Primary TKA Blackburn—Peel Subgroups KSS; ROM 2 years
index
Lee et al. [30] 111 15 NA-MR TKA Primary TKA Fibular head; tibial ~ Absolute values KSS; ROM 2 years
15 NA-GB TKA tubercle
Liow et al. [32] 11 31 CAS TKA Primary TKA Fibular head Absolute values and KSS; OKS; SF36; 6 months
29 MR TKA subgroups ROM
Mahoney and v 22 TKA Revision TKA Tibial Tubercle Absolute values and KSS 2 years
Kinsey [35] subgroups
Pang et al. [39] 111 100 MR TKA Primary TKA Fibular head; tibial ~ Absolute values KSS; OKS; SF36 2 years
tubercle
Partington et al. v 107 TKA Revision TKA Tibial tubercle Absolute values and KSS 2 years
[40] subgroups
Porteous et al. [41] 11T 114 TKA Revision TKA Tibial tubercle Subgroups Bristol Knee Score 1 year
Ryu et al. [42] v 90 MR TKA Primary TKA Tibial tubercle Absolute values ROM 25-90 months
Selvarajah and v 76 TKA Primary TKA Tibial tubercle Absolute values Modified KSS; > 30 months
Hooper [44] ROM
Seon and Song [45] IV 74 TKA Revision TKA Fibular head Absolute values KSS; WOMAC NA
Snider and Macdon- IV 200 TKA Primary TKA Fibular head; tibial ~ Absolute values and KSS 2 years
ald [46] tubercle subgroups
Yang et al. [49] v 50 CAS TKA Primary TKA Resected bone Subgroups KSS; ROM 39-55 months
versus prosthesis
thickness
Vera et al. [47] 111 32 TKA Primary TKA Adductor tubercle Subgroups KSS; ROM NA

MR measured resection, TKA total knee arthroplasty, HTO High tibial osteotomy, CAS computer-assisted surgery, GB gab balancing, NA naviga-
tion assisted, KSS Knee Society Score, OKS Oxford Knee Score, ROM range of motion, WOMAC Western Ontario and McMaster Universities
Osteoarthritis Index
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Functional assessments were done with the Oxford Knee
Score, Short Form 12 (SF-12), Short Form 36 (SF-36),
and Knee Society Score (KSS). The KSS is divided in two
separate components (knee and function), and some studies
reported these two components separately and some pre-
sented the score in total. One study used the Mayo Clinical
Score, one the Bristol Knee score, and one used the patellar-
score [16] to present their results. All studies reported an
improvement in clinical scores after TKA. In most studies,
the patients were assigned to subgroups with related cut-off
values for joint line alterations (i.e., joint line alterations <4
or >4 mm). In the group of studies on primary TKA, in
6 out of 18 studies, statistically significant lower outcome
scores were found when the joint line was elevated. In the
group of studies on revision TKA, five out of nine studies
reported statistically significant better outcome scores for
patients with an adequately re-created joint line compared to
those with an elevated joint line (i.e., joint line reconstruc-
tion within 4 mm of the preoperative or healthy contralateral
knee joint line height).

Eight out of eighteen studies on primary TKA could
be included in a correlation analysis of the postoperative
KSS knee and function scores and postoperative joint
line alteration (mm). The remaining ten studies did not
report absolute joint line alteration values or used a dif-
ferent outcome measurement. Seven studies (664 patients)
compared two surgical techniques, and in one study (32
patients), one treatment arm could be included in the cor-
relation analysis (Table 2). The other arm contained patients
with TKA after HTO which was an exclusion criterion. A

statistically significant negative correlation was found
between joint line elevation and postoperative KSS func-
tional score (p=—0.496, p <0.001, Fig. 2) and KSS total
score (p=—0.425, p<0.001, Fig. 3). No significant cor-
relation was found between joint line and KSS Knee score
(p=-0.052, p=0.17, Fig. 4). Other PROMs presented in
the included studies were SF-36 and OKS. Only the study
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Fig.2 Correlation analysis of KSS function versus joint line altera-
tion in primary TKA

Table 2 Studies included for

data correlation analysis for References Number Mean .JL JL assessment method KSS knee KSS function
. of TKA alteration score postop score postop
primary TKA (mm)?
Bae et al. [4] 32 -1.6 Fibular head 89.4 88.8
Babazadeh et al. [2] 52 -1.5 Resected bone 83.1 71.6
51 2.1 Resected bone 84.4 71.3
Bin Abd Razak et al. [1] 112 1.7 Resected bone 86.2 72.7
83 2.3 Resected bone 86.4 71.8
Goh et al. [19] 38 2.2 Fibular head 75.6 72.2
38 2.3 Fibular head 79.8 70.8
Huang et al. [23] 34 1.3 Tibial tubercle 96.7 96.3
36 22 Tibial tubercle 95.2 94.6
Lee et al. [30] 30 2.2 Tibial tubercle 95.1 96.2
30 38 Tibial tubercle 94.6 95.5
Liow et al. [32] 31 1.9 Fibular head 80.8 71.3
29 35 Fibular head 82.6 70
Pang et al. [39] 50 2.4 Tibial tubercle 86.9 66.2
50 8 Tibial tubercle 84 48

TKA total knee arthroplasty, JL joint line, KSS Knee Society Score

“Negative values represent joint line decrease; positive values represent joint line elevation
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Fig.3 Correlation analysis of KSS total versus joint line alteration in
primary TKA
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Fig.4 Correlation analysis of KSS knee versus joint line alteration in
primary TKA

by Liow et al. reported a statistically significant result. In
their subgroup analysis (<5 or >5 mm joint line shift), the
elevated joint line group had a statistically significant lower
physical function in the SF-36 questionnaire (45 versus 67)
[32]. No significant differences between joint line position
subgroups and OKS outcome were reported. The results
of the remaining studies that could not be included in the
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correlation analysis are presented in Table 3. Regarding
range of motion (ROM), a wide variety with regards to the
notification was observed (i.e., absolute ROM, delta ROM,
and only maximum flexion) which limited further analysis.
Two studies reported ROM as their sole outcome measure-
ment and, therefore, are not presented in Table 3 [27, 42].

Nine studies reported TKA revision outcome data with
joint line measurement (Table 4). Indications for revision
were infection, aseptic loosening, instability, polyethylene
wear, pain, and/or stiffness or peri-prosthetic fracture. No
studies reported TKA revision for joint line elevation as its
sole reason. Due to heterogeneity of joint line measurements
and outcome data, no correlation analysis could be per-
formed. In four studies, patients with a maintained joint line
(i.e., <4, <5, or <8 mm joint line elevation) were compared
to patients with an elevated joint line after revision TKA.
In this analysis, 187 pooled patients in the maintained joint
line group were compared with 96 patients in the elevated
joint line group [7, 10, 35, 40]. A statistically significant
(p <0.001) higher postoperative total KSS score was found
for the maintained joint line group (149; SD 10) compared
to the elevated joint line group (129; SD 5). Of the five stud-
ies that could not be included in the pooled analysis, two
studies found better postoperative outcome scores for their
maintained joint line group [21, 41] and three studies did not
find a significant correlation [11, 26, 45].

Discussion

The most important finding of the present study was that
joint line elevation has a negative effect on outcome after
TKA. A statistically significant negative correlation between
joint line elevation and the KSS functional and total score
after primary TKA was established. For revision TKA, it
was found that a correctly re-created joint line results in
statistically significant better postoperative KSS total scores,
compared to knees in which the joint line was not adequately
re-created.

The statistically significant negative correlation between
postoperative joint line elevation and KSS functional scores
for primary TKAs is in accordance with several studies that
could not be included in the correlation analysis [3, 17, 25,
46, 47]. Four studies did not find a correlation between joint
line elevation and outcome scores [1, 2, 19, 49]. These four
studies reported only minor mean joint line elevation post-
operative (0-2.3 mm). Studies with a larger range in joint
line alteration and those who chose a higher cut-off value
for joint line analysis did find differences in outcome [17,
32,46, 47]. In contrast, those with lower cut-off values (e.g.,
3 mm) did not find any difference in outcome [3, 49].

Five out of nine studies reporting on revision TKAs found
statistically significant better outcome scores for maintained
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Table 3 Studies not included for data correlation analysis for primary TKA

References

Outcome measurement

Joint line method/cut-off value

Findings regarding joint line elevation and
outcome

Babazadeh et al. [3] KSS, SF12
Figgie et al. [17]
Jietal. [25] KKS

Kazemi et al. [28] KSS

Selvarajah and Hooper [44] Modified KSS
Snider and Macdonald [46] KSS

Yang et al. [49] KSS
Vera et al. [47]

excellent)

Mayo Clinic Knee score

KSS subscales (poor,
regular, good, and

Maintained within 2 mm, depressed of
elevated

Absolute measurements and <8 mm or
>8 mm
>4 mm

Pseudo-patella Baja and/or patella baja
versus no patella baja

Absolute measurement
<8 mm or >8 mm

<3 mm or >3 mm

<4 mm or >4 mm

KSS: Significantly higher changes in KSS
total and KSS subscores in maintained
joint line group

SF12: no differences between subgroups

Negative correlation between joint line ele-
vation and outcome p —0.42 (p=0.0001)

Lower scores for >4 mm joint line eleva-
tion compared to the literature

No differences between the subgroups for
KSS Total score. Significant lower KSS
pain scores for no patella baja group

No statistical correlation between joint line
elevation and outcome

Non-significant better total KSS scores for
maintained joint line group (p=0.17)

No differences between subgroups
Statistically significant better postoperative
score for KSS for maintained joint line

group

TKA total knee arthroplasty, KSS Knee Society Score, SF 12 Short Form 12

Table 4 Revision TKA studies

References JL assessment ~ Outcome meas- Subgroup Number of Outcome Knee Function  p value
method urement rTKA KSS total score score
postop Postop
Biegeretal. [7] Medial Epicon- KSS <5 mm 46 164 <0.0001
dyle ratio >5mm 23 138
Tibial tubercle ~ KSS <5 mm 24 157 n.s
>5 mm 45 155
Clavé et al. [10] Fibular head KSS <4 mm 56 142 74 68 KSS Knee n.s.
>4 mm 25 130 71 59 KSS Function
0.014
Clement and Tibial tubercle = OKS, SF12 None 107 -
MacDonald
[11]
Hofmann et al.  Adductor KSS —4to 4 mm 59 - 0.04 between
[21] tubercle < —4 mm or 17 _ subgroups in
>4 mm favor of restored
group
Kannan Adductor ratio  Modified KSS - 37 n.s.
et al. [26]
Mahoney and Tibial tubercle ~ KSS - 22 158 90.7 66.8 n.s.
Kinsey [35]
Partington et al. Tibial tubercle =~ KSS <8 mm 107 knees 141 0.05
[40] >8 mm in total 125
Porteous et al. Tibial tubercle  Bristol Knee <5 mm 73 83.7 20.3 Knee <0.01
[41] Score >5mm 41 76.1 17.6 Function < 0.005
Seon and Song  Fibular head KSS; WOMAC NR 74 No correlation JL

[45]

and outcome

JL joint line, rTKA revision total knee arthroplasty, NR not reported, KSS Knee Society Score, WOMAC Western Ontario and McMaster Univer-

sities Osteoarthritis Index
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compared to elevated joint line groups [7, 10, 21, 40, 41].
In the pooled analysis of four studies, a statistically signifi-
cant higher postoperative total KSS score was found for the
maintained joint line group compared to the elevated group.
This finding was in accordance with two studies that could
not be included in this pooled analysis [21, 41]. The studies
of Kannan et al. and Clement et al. reported no effect of joint
line position on outcome; however, the joint line alteration
was not specified [11, 26]. Seon et al. compared two-stage
revision TKAs for prosthetic joint infection versus one-stage
revision for other reasons. Their subgroup analysis for ele-
vated joint line (> 5 mm) versus the maintained joint line
group did not show any differences in outcome scores. How-
ever, this result is most likely influenced by the distribution
of septic patients amongst their groups since the septic group
reported statistically significantly lower outcomes [45].

It is questionable how much joint line elevation can be
accepted. Several studies in primary as well as revision TKA
have shown statistically significantly lower outcome scores
when a cut-off value of 4 mm joint line elevation is exceeded
[10, 21, 47]. Babazadeh et al. and Yang et al. used respec-
tively 2 and 3 mm as cut-off point, and they did not find any
difference between their groups [3, 49]. Therefore, the aim
should be to restore the joint line to its native position and
not to accept more than 4 mm of joint line elevation.

Some surgical aspects should be taken into considera-
tion with regards to joint line preservation. First, in case of
distal femoral bone loss, the distal femoral bone cut should
be reduced. Second, in case of a tight extension gap, it is
advised to remove all posterior osteophytes before recutting
the distal femur since posterior osteophytes tend to tighter up
the posterior capsule and, consequently, reduce the extension
gap. Furthermore, computer-assisted surgery and patient-
specific instruments can be supportive and promising results
with regards to joint line reconstruction are being published
[1, 19, 31, 32]. In revision TKA, joint line restoration can be
more challenging due to bone loss and the absence of land-
marks to determine the original joint line height. Undersiz-
ing the femoral component should be avoided and distal and
posterior bone loss should be accounted for with augments,
thereby restoring the joint line position and the PCO [5].
The three-step technique described by Vince et al. can be a
valuable tool to achieve these goals [48]. The medial adduc-
tor tubercle is identifiable in most cases, and can be used
for preoperative planning and perioperative reference [43].
Preoperative planning, e.g., radiographs of the contralateral
knee, can help the surgeon to determine the exact native joint
line distance to this landmark before surgery [5].

A major limitation of the current study was the heteroge-
neity of the data. For both joint line assessment as well as
outcome measures, a variety of measurements was reported.
This impeded a correlation analysis of the TKA revision
studies and of the primary TKA studies only 8 out of 18
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primary TKA studies could be included. Furthermore, joint
line assessment was performed with a variety of meth-
ods which could have influenced the results. However, all
reported methods have acceptable inter and intra observer
reliability [4, 24, 41], and only absolute changes were used
in the analysis, which, in theory, should be interchangeable
between the methods. Most of the included studies used the
KSS to evaluated patient outcome. It is questionable, how-
ever, if this questionnaire is a valid tool to identify symptoms
related to joint line alterations (i.e., mid-flexion instability;
loss of flexion due to loss of PCO). Functional tests like a
6 min walk test and the stair climbing test have shown to
correlate well with mid-flexion instability and might give
better insight in functional outcome [18].

Although it was shown by Luyckx et al. that the use of
ratio measurements (i.e., medial epicondyle ratio and adduc-
tor ratio) is more reliable and reproducible for joint line
assessment and reconstruction in revision TKA [33], most
commonly the tibial tubercle or the fibular head landmarks
are used for evaluating joint line position. These measure-
ments, however, are affected by tibial slope change, and if
the joint line is only assessed from the tibial side, femoral
sided joint line alterations are unrecognized. Therefore, the
ideal joint line assessment would include a separate tibial
and femoral referenced measurement. Since only one pri-
mary TKA [3] and one revision TKA study [7] reported
separate data for the femoral and tibial sided joint line altera-
tions, a separate tibial and femoral analysis could not be per-
formed. Interestingly, both studies illustrated discrepancies
between tibial and femoral based joint line measurements.
Howeyver, correlations of these measurements with outcome
scores showed conflicting results. Due to the relatively low
level of evidence of the included studies, a weak recom-
mendation can be assigned to the suggested cut-off value of
4 mm maximal acceptable joint line elevation.

Conclusion

In this systematic review, a negative correlation between
joint line elevation and outcome was found, with an eleva-
tion of more than 4 mm resulting in statistically significant
lower outcome scores. Hence, it is advised not to exceed
4 mm of joint line elevation in primary TKA. For revision
TKAs, the aim should be to restore the joint line to its native
height.
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