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Abstract

Purpose Joint line (JL) position change in total knee arthroplasty (TKA) may alter knee biomechanics and impact
function. The purpose of this study was to compare the change in JL position between robotic-assisted TKA (RA-TKA) and
conventional TKA (C-TKA).

Methods A retrospective, radiographic analysis was conducted of patients who underwent RA-TKA and C-TKA to compare
JL position change. JL position was measured in consecutive RA-TKAs and C-TKAs performed by four fellowship-trained
arthroplasty surgeons. Statistical analysis was done utilizing #-tests and Mann Whitney U tests, with statistical significance
being defined as a p value <0.05.

Results Six hundred total RA-TKAs and 400 total C-TKAs were included in the analysis. There were no significant differences
in patient baseline characteristics such as body mass index, range of motion, and tibiofemoral coronal alignment. RA-TKAs
were associated with an average of 0.04 (2.2) mm JL position change, and C-TKAs were associated with an average 0.5
(3.2) mm JL position change (p =0.030). There were inter-surgeon differences when comparing the change in JL position
for RA-TKAs and C-TKAs between the four participating surgeons.

Conclusion RA-TKA leads to better preservation of the JL position than C-TKA, and this seems to be dependent on the
arthroplasty surgeon’s preferences and techniques during TKA. Whether this statistically significant difference is clinically

relevant needs to be further investigated.
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Introduction

Total knee arthroplasty (TKA) is growing in use worldwide,
and strategies to optimize functional outcomes and durability
are important. Joint line (JL) position preservation is a
goal for TKA because of how it can affect knee kinematics
and outcomes [1, 2]. Elevation of the JL impacts knee
biomechanics by increasing mid-flexion laxity and altering
posterior cruciate ligament (PCL) tension [3, 4], which may
negatively impact post-operative outcomes [5]. Several
studies have shown significantly lower patient-reported
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outcome measures with excessive JL elevation [3-7].
Inferior outcomes have also been found to be associated
with JL distalization in revision TKA, although its impact
in primary TKA is less clear [8].

Positioning of the JL in TKA varies based on implant
selection, surgical technique, PCL handling, inherent errors
with conventional instruments, and severity of pre-operative
flexion contractures [9, 10]. Receiving computerized
information on distal femoral resection thickness, limb
alignment, joint gaps, and implant orientation may facilitate
re-establishment of the JL height while achieving a balanced
knee in robotic-assisted TKA (RA-TKA) [11-14]. While
component alignment has been studied extensively in
RA-TKA, there have been fewer studies investigating JL
restoration [11-16]. Several studies have found that RA-TKA
leads to better preservation of the JL than conventional TKA
(C-TKA), but these were performed on small sample sizes
with less stringent inclusion criteria, such as the inclusion of
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patients with flexion contractures and tibiofemoral alignment
deformities up to as much as 30°, which can impact JL
position necessary to balance the extension and flexion gaps
[12,13, 15, 17].

The primary purpose of this study is to conduct a
radiographic analysis of pre-operative and post-operative
JL position in RA-TKA and C-TKA. Additionally, the
secondary purpose is to compare whether there are
differences in JL position change between the participating
surgeons when using robotic-assisted or conventional
techniques. We hypothesize that utilizing robotic-assistance
will better maintain the pre-operative JL position and that
there will be no significant differences in JL position changes
between the surgeons.

Materials and methods
Study design

This study was a single-institution, retrospective radiographic
analysis of patients who underwent primary TKA for
osteoarthritis via a conventional or robot-assisted technique.
TKAs were performed by four fellowship-trained, high
volume arthroplasty surgeons. The C-TKAs were performed
using a mechanical alignment technique, and the RA-TKAs
were performed utilizing a restricted kinematic alignment
algorithm. Despite different techniques, the goal was to
achieve a balanced knee, by clinical assessment for C-TKAs,
and by clinical assessment and intraoperative quantitative
laxity evaluation for RA-TKAs. The JL position change from
pre-operative to post-operative for 600 consecutive RA-TKAs
and 400 consecutive C-TKAs were compared. This study was
approved by an institutional review board (IRB).

Inclusion and exclusion criteria

Patients were included if they underwent primary TKA via
conventional methods or robotic-assistance and had pre-
operative and post-operative weight-bearing anteroposterior
(AP) radiographs. Patients were included only if they
had less than a 10° flexion contracture and less than 10°
of tibiofemoral coronal varus alignment pre-operatively.
Patients undergoing revision or conversion arthroplasty,
and those with isolated lateral compartment arthritis or
recurvatum were excluded.

Data collection
Patient characteristic information were obtained from
our prospectively maintained institutional database. Pre-

operative electronic medical records and standing pre-
operative AP radiographs were manually reviewed to
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determine range of motion (ROM) and coronal tibiofemoral
alignment. Implant type and design was obtained from
retrospective review of operative records. The identical
implant system was utilized for all TKAs. Picture Archiving
and Communication Software (PACS) was utilized to access
the radiographs.

The adductor tubercle (AT) method [18] for measuring
JL position was utilized to analyze both pre-operative to
post-operative AP radiographs. These measurements were
compared to determine JL position changes after RA-TKA
and C-TKA. The measurements were done in duplicate,
with an interval of six weeks, by two independent reviewers
(N.C. and C.D.) who were blinded to the surgical technique
when measuring. Any measurement discrepancies were
evaluated by a third reviewer (T.D.). The differences from
pre-operative to post-operative JL position were determined.
Positive values indicated JL distalization and negative values
indicated elevation.

Patient characteristics

There were no significant differences in sex, body mass
index (BMI), or ROM between the RA-TKA and C-TKA
groups (Table 1). Patients in the RA-TKA group were
older than the C-TKA group (66.3 vs. 64.7; p=0.006). The
distribution of polyethylene inserts, femoral styles, and
laterality are noted in Table 2.

Statistical analysis

A priori power analysis was performed, revealing a need
for a total of 58 patients, with at least 29 patients in each
group [17]. Descriptive analyses were performed for the full
cohort. A multivariate analysis was performed to account
for demographic variables and differences in implant types
(cruciate-retaining (CR), ultra-congruent (UC), medial-
congruent (MC), posterior-stabilized (PS), constrained-
posterior-stabilized (CPS)). The PCL was resected in all
cases in which a UC, PS, and CPS insert were used. With the
MC insert, the PCL can be saved or resected depending on
surgeon preference and intra-operative needs for soft tissue
balancing. In this study, the PCL was retained in 54.2% and
resected in 45.8% of cases using an MC insert. The PCL was
saved in all cases in which a CR insert was used. Continuous
data was compared using either #-test or Mann—Whitney U
tests for the RA-TKA and C-TKA groups and ANOVA or
Kruskal-Wallis when comparison were made between three
or more groups for the sub-analyses. p Values less than 0.05
were deemed statistically significant. All statistical analyses
were performed using R Studio (Version 3.6.3, Vienna,
Austria).
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Table 1 Patient baseline Total (N=1000) RA-TKA (N=600) C-TKA (N=400) p value
characteristics
Age (years) 65.7 (9.13) 66.3 (9.07) 64.7 (9.15) 0.006
Sex: 0.417
Men 395 (39.5%) 230 (38.3%) 164 (41.0%)
Women 605 (60.5%) 370 (61.7%) 236 (59.0%)
Race: 0.285
White 648 (64.8%) 397 (66.2%) 251 (62.8%)
Black 35 (3.5%) 18 (3.0%) 17 (4.3%)
Hispanic 14 (1.4%) 5 (0.83%) 9 (2.3%)
Other 21 (2.1%) 12 (2.0%) 9(2.3%)
Unreported 282 (28.2%) 168 (28.0%) 114 (28.5%)
BMI (kg/m?) 30.6 (5.18) 30.5 (5.01) 30.8 (5.42) 0.418
Range of motion
Extension 5.5@3.7) 5.6 (3.8) 5.5(@3.6) 0.614
Flexion 113 (8.9) 114 (8.9) 113 (8.8) 0.233

Values given as mean (standard deviation) or number (%). Bold values indicate statistical significance
RA-TKA robotic-assisted total knee arthroplasty, C-TKA conventional total knee arthroplasty, BMI body

mass index
Table 2 Operative information Total (N=1000)  RA-TKA (N=600)  C-TKA (N=400)  p value
Laterality: 0.858
Right 523 (52.3%) 316 (52.7%) 207 (51.8%)
Left 477 (47.7%) 284 (47.3%) 193 (48.2%)
Polyethylene style: <0.001
CPS 84 (8.4%) 58 (9.7%) 26 (6.5%)
MC with PCL Retained 130 (13%) 74 (12.3%) 56 (14%)
MC with PCL Resected 110 (11%) 95 (15.8%) 15 (3.8%)
CR 102 (10.2%) 61 (10.2%) 41 (10.3%)
PS 376 (37.6%) 222 (37.0%) 154 (38.5%)
ucC 198 (19.8%) 90 (15.0%) 108 (27.0%)
Femoral style: 0.620
CR 541 (54.1%) 320 (53.3%) 221 (55.3%)
PS 459 (45.9%) 280 (46.7%) 179 (44.7%)

Values given number (%). Bold values indicate statistical significance

CPS constrained posterior-stabilized, MC medial-congruent, CR posterior cruciate retaining, PS posterior
stabilized, UC ultra-congruent, CR cruciate retaining

Results
Radiographic measurements

There were no significant differences in pre-operative
tibiofemoral coronal alignment between groups (Table 3).
The RA-TKA group had an average change of —0.04 (3.3)
mm in JL position, whereas the C-TKA group had an average
change of —0.5 (3.2) mm in JL position (p=0.030). In total,
56.2% of patients experienced JL elevation, 7.2% experienced
no change, and 36.6% experienced JL distalization, with no

significant differences in the directionality between groups.
In the RA-TKA group, less than 15% experienced more than
4 mm of JL elevation compared to over 20% in the C-TKA
group (p=0.788); almost 26% and 30% of RA-TKAs and
C-TKAs, respectively, had more than 4 mm of JL distalization
(p=0.417). Among the knees in which the JL was elevated, the
RA-TKA group had an mean elevation of 2.2 (2.0) mm, which
was significantly less than 2.7 (1.9) mm of for the C-TKA group
(p<0.001). Among the knees in which the JL was distalized,
there was no significant difference in the amount of distalization
between groups (3.2 mm vs 2.9 mm) (Table 3).
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Table 3 Radiographic

Total (N=1000) RA-TKA (N=600) C-TKA (N=400) p value
measurements
Preoperative tibiofemoral 4.43 (3.5) 441 (3.4) 4.45 (3.5) 0.816
coronal varus alignment
Preoperative JL position 51.2 (6.0) 51.4(5.9) 50.9 (6.2) 0.292
Postoperative JL position 51.0 (6.2) 51.3(6.2) 50.4 (6.2) 0.036
p value 0.028 0.735 0.002
JL position change -0.23(3.2) —0.04 (3.3) —-0.50(3.2) 0.030
Mean JL elevation 2.4 (2.0) 2.2 (2.0) 2.7(1.9) <0.001
Mean JL distalization 3.12.1) 3224 2.9 (1.8) 0.448
JL change directionality: 0.602
Elevation 562 (56.2%) 332 (55.3%) 230 (57.5%)
No change 72 (7.2%) 47 (7.8%) 25 (6.2%)
Distalization 366 (36.6%) 221 (36.8%) 145 (36.3%)
JL Elevations: 0.788
<4 mm 466 (82.9%) 283 (85.2%) 183 (79.6%)
>4 mm 96 (17.1%) 49 (14.8%) 47 (20.4%)
JL distalizations: 0.417
<4 mm 266 (72.7%) 164 (74.2%) 102 (70.3%)
>4 mm 100 (27.3%) 57 (25.8%) 43 (29.7%)

Values given as mean (standard deviation) or number (%). Measurements all given in millimeters (mm).
Bold values indicate statistical significance

JL joint line

TKAs performed with a PS, MC, or CPS inserts were
more likely to be elevated than TKAs performed with CR
and UC inserts (Table 4). There were no significant differ-
ences in JL change or the breakdown of the directionality of
change when grouping insert types depending on whether
the PCL was resected or retained (Table 5). The four par-
ticipating arthroplasty surgeons demonstrated differences in
JL position change for both RA-TKAs and C-TKAs, when
controlled for implant type between RA-TKAs and C-TKAs
(Table 6).

Discussion

This study found that on average RA-TKA better preserves
the JL than C-TKA, although it is unclear that these dif-
ferences are clinically meaningful. We found no significant
differences between RA-TKAs and C-TKAs in the overall
percentages of TKAs that had elevation, no change, or dis-
talization of the JL.. While there were a greater percentage of
far-outliers in which the JL position was elevated more than
4 mm when using conventional methods, the differences did
not reach statistical significance. Further, when looking at
the changes in JL position, there were differences in JL posi-
tion change depending on the tibial insert used and between
the four surgeons for each technique.

To our knowledge, the current study is the largest to
assess the JL change differences between primary RA-TKAs
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and C-TKAs. Additionally, the more restrictive inclusion
criteria used eliminated some of the confounding variables
that may have impacted results in prior studies. Particularly,
other studies have included patients with flexion contractures
as high as 30° [12, 13, 15, 17], whereas our study included
patients with flexion contractures of no more than 10°. JL
elevation is commonplace in knees with higher flexion con-
tractures due to the need to proximalize the femoral compo-
nent to enlarge the extension gap. Furthermore, while other
studies included patients with as much as 20° of tibiofemoral
coronal alignment [12, 13, 15, 17], ours included patients
only if tibiofemoral varus was less than 10°. These pre-oper-
ative measurements have an influence on the results of JL
position because of how they can affect operative decisions
regarding orientation and depth of femoral bone resections.

The findings of the present study support the existing lit-
erature that robotic-assistance leads to better preservation
of the JL than conventionally performed TKA [12, 13, 17,
19, 20]. We found that on average RA-TKA resulted in 0.04
(3.3) mm JL elevation, whereas C-TKA resulted in a mean
JL elevation of 0.50 (3.2) mm. In our series, the JL was not
elevated as much as other series in either C-TKA or RA-
TKA, even when the PCL was resected, likely because of a
concerted effort to control the JL position with both tech-
niques. Also, with the particular implant used, the increased
flexion gap resulting from PCL resection could be offset by
a slightly larger femoral component, which would neutralize
the flexion gap 2 mm. Therefore, offseting the increased gap
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Table 4 Comparison of joint line change based on polyethylene style

p value

240; 169 RA-TKA, 71 CR (N=102; 61 RA-TKA, 41 PS (N=377; 222 RA-TKA, 155 UC (N=197; 90 RA-TKA, 107

MC (N

84; 58 RA-TKA, 26

CPS (N

C-TKA)

C-TKA)

C-TKA)

C-TKA)

C-TKA)

<0.001

0.76 (3.1)

~0.73 (3.0)

RA-TKA

0.23 (3.5)

RA-TKA

—0.40 (3.3)

RA-TKA

—0.35 (3.5)

RA-TKA

JL change

C-TKA

RA-TKA

0.94 (3.2)

C-TKA

C-TKA

C-TKA

C-TKA

0.61 (3.0)

—-0.553.4) —0.05(3.3) -13@3.3) 0.31 (3.4) 0.11 (3.8) —0.48 (3.0) -1.129)

-0.27 (3.6)

<0.001

JL change direc-

tionality:

93 (47.0%)

RA-TKA

225 (59.7%)

RA-TKA

49 (48.0%)

RA-TKA

145 (60.4%)

RA-TKA

51 (60.7%)
RA-TKA

Elevation

C-TKA

C-TKA

C-TKA

C-TKA

C-TKA

48 (44.4%)

44 (48.9%)
9 (4.55%)
RA-TKA
2(2.2%)

100 (65.4%)

123 (55.4%)
36 (9.5%)

18 (43.9%)
RA-TKA

31 (50.8%)
5 (4.9%)
RA-TKA
2(3.3%)

45 (63.4%)

100 (59.2%)
17 (7.08%)
RA-TKA

17 (65.4%)

34 (58.6%)
5(5.95%)
RA-TKA

3(5.2%)

No change

C-TKA
7(6.5%)

C-TKA

7 (4.6%)

C-TKA

3(7.3%)

C-TKA

C-TKA
2(1.7%)

29 (13.1%)

6 (8.5%)

11 (6.5%)
78 (32.5%)
RA-TKA

96 (48.5%)
RA-TKA

116 (30.8%)
RA-TKA

48 (47.1%)
RA-TKA

28 (33.3%)
RA-TKA

Distalization

C-TKA

C-TKA

C-TKA

C-TKA

C-TKA

7 (26.9%) 58 (34.3%) 20 (28.2%) 28 (45.9%) 20 (48.8%) 70 (31.5%) 46 (30.1%) 44 (48.9%) 52 (48.1%)

21 (36.2%)

Values given as mean (standard deviation) or number (%). Bold values indicate statistical significance

CPS constrained posterior-stabilized, MC medial-congruent, CR posterior cruciate retaining, PS posterior stabilized, UC ultra-congruent

Table 5 Comparison of joint line change based on whether the PCL
was retained or resected

PCL retained* PCL resected* p value
N=232 N=768
JL position change -0.19 (3.5) -0.24 (3.2) 0.866
JL change directionality: 0.658
Elevation 129 (55.6%) 432 (56.3%)
No change 14 (6.0%) 58 (7.6%)
Distalization 89 (38.4%) 277 (36.1%)

Values given as mean (standard deviation) or number (%)
PCL posterior cruciate ligament, JL joint line

*PCL retained in cases using a CR and some MC inserts (based on
surgeon preference) and PCL resected in cases using UC, PS, CPS,
and some MC inserts

observed with PCL resection and thus obviating the typical
need to increase the extension gap to compensate. Vaidya
et al. found an average of 0.9 (0.9) mm of elevation in RA-
TKA and a 3.5 (1.6) mm of elevation for C-TKA when using
PS TKAs (p <0.001). Further, unlike our study which found
36.6% of total cases distalized, their’s found no cases of
distalization [12]. Thiengwittayapron et al. reported mean
JL elevations of 3.6 (3.3) mm for RA-TKA and 5.5 (0.4) mm
for C-TKA using a single PS knee design (p =0.004) [15].
When looking at the differences in JL position for the total
sample of our study, 56.2% were JL elevations 2.4 (2.0) mm,
7.2% had no change, and 36.6% were JL distalizations 3.1
(2.1) mm. Similarly, Goh et al. found that after TKA there
was radiographic evidence of JL elevation in 75% of cases,
no change in 7%, and JL distalization in 18% [19].

When reviewing publications on JL changes, understand-
ing how calculations are being performed and whether the
differences include a factor of directionality or absolute val-
ues are being reported is useful because the direction of JL
change may impact outcomes differently. Liow et al. reported
a 1.9 (1.1) mm change in JL position for RA-TKA and a 3.5
(2.8) mm for C-TKA (p=0.01) using a PS design, but these
values are absolute values without specifiying directionality
[17]. Likewise, Agrawal et al. found absolute JL. changes of
0.334 (0.115) mm for RA-TKA and 2.304 (0.308) mm for
C-TKA (p<0.001) [13]. In that study, the authors used a
combination of CR and PS knees, but did not sub-analyze
their results based on implant type. Like our study, Popat
et al. reported the mean changes in JL position of less than
1.0 mm for both RA-TKA and C-TKA (0.38 mm of dis-
talization vs. 0.91 mm of elevation) [20]. It is unclear how
the PCL was handled in that series. The larger variations in
JL positional changes between studies likely relates to how
pre-operative flexion contractures influence the JL positions
after TKA, surgeon preferences on resection depths, with
or without PCL resections, and the fact that some studies
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Table 6 Comparison of arthroplasty surgeons and tibial inserts

Surgeon 1 Surgeon 2 Surgeon 3 Surgeon 4
RA-TKAs C-TKAs RA-TKAs C-TKAs RA-TKAs C-TKAs RA-TKAs C-TKAs p value
(N=150) (N=150) (N=150) (N=90) (N=150) (N=15) (N=150) (N=85)

JL change 0.68 (3.3) 0.52(3.2) —-1.4(2.5) -2.00(24) 0.50(@3.5) 0.28 (3.5) 0.05(3.2) -1.37(29) <0.001

Polyethylene

styles:

CPS 0 (0%) 1(0.7%) 27 (18%) 9 (10%) 17(11.3%) 11 (14.7%) 14 (9.3%) 5(5.9%)

MC 0 (0%) 0 (0%) 36 (24%) 26 (289%)  38(253%) 30 (40%) 95(63.3%) 15 (17.6%)

CR 60 (40%) 41 (27.3%)  1(0.7%) 1(1.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

PS 0 (0%) 0 (0%) 86 (57.3%) 54 (60%) 95(63.3%) 34 (453%) 41(273%)  65(76.5%)

ucC 90 (60%) 108 (72.%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Values given as mean (standard deviation). Bold values indicate statistical significance

JL joint line, CPS constrained posterior-stabilized, MC medial-congruent, CR posterior cruciate retaining, PS posterior stabilized, UC ultra-

congruent

only reported JL elevations or average absolute differences
without a function of directionality.

Prior studies comparing robotic-assistance and
conventional techniques used a variety of methods of
measuring JL position, relying on different anatomical
landmarks when performing measurements [12, 13, 15, 17,
20]. These differences challenge the comparisons between
studies and may explain variations in the absolute JL values.
Multiple methods exist for quantifying the JL [20-23], but the
present study utilized the AT method on both pre-operative
and post-operative radiographs because of its strong reliability
[18, 24, 25]. Further, the alignment and balancing techniques
used for the RA-TKAs and C-TKAs must be accounted for
because of their impact on JL position. Prior studies utilized
various techniques between their RA-TKAs and C-TKAS
such as mechanical axis alignment, measured resection
technique, gap balancing technique, kinematic alignment,
and functional alignment [12, 13, 15, 17, 20]. In our study,
the RA-TKAs were performed with a restricted kinematic
alignment algorithm in which the femoral component
was positioned between 0° and 2° of varus relative to the
mechanical axis, whereas the C-TKAs were performed with
intra-articular guides, referencing a cut between 4° and 5° of
anatomic valgus in all cases. It is unclear to what extent these
differences in the orientation of the distal femoral resections
had on joint line position between our two groups.

Implant design and PCL resection can influence JL position,
and we analyzed whether the use of robotic assistance can
mitigate their impact. Consistent with other studies [26], our
findings show that on average TKAs performed with PS, CPS,
and MC implants in which the PCL is resected are more likely
to be elevated—in both RA-TKA and C-TKA—than those in
which the PCL was preserved and CR implants utilized.
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The effect of JL changes on functional and clinical out-
comes remains a topic that warrants further investigation.
While some studies argue that JL. changes do not affect
patient reported and clinical outcomes [27, 28], others have
found significant relationships between JL changes and
outcomes, particularly when the JL is elevated more than
4-5 mm [29]. In our study, 14.7% of RA-TKAs and 20.4% of
C-TKAs had elevations more than 4 mm, and 25.8% of RA-
TKAs and 29.7% of C-TKAs had distalizations more than
4 mm, so whether these outlier groups have compromised
outcomes is the topic of ongoing investigation at our center.

Strengths of this study include a larger sample size and
more stringent inclusion criteria, including minimizing
coronal deformities and flexion contractures, all which
could otherwise influence JL position. However, this was
a retrospective, non-randomized study, which may be
subject to inherent limitations such as variable techniques,
patient selection, etc. Nonetheless, our groups were equally
compared. Additionally, although it is a strength for this
study that only a single robot and implant design were used,
the results may not be generalizable to other robot systems or
implant designs or individual surgeon techniques which may
alter the outcomes of a similar analysis. Further, the subtle
differences in establishing femoral component alignment and
balance between the mechanical and restricted kinematic
alignment techniques used in this study may have a subtle
impact on JL positions. While a number of differences in
JL position between groups in this study reached statistical
significance, these differences were often less than 1 mm
and are likely not clinically important. Future study should
be performed to determine how JL position change affects
functional outcomes and the need for manipulation under
anaesthesia.
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Conclusion

RA-TKA better preserves the native joint line position than
C-TKA. These findings are influenced by multiple factors,
such as surgeon-specific techniques of femoral resections
irrespective of use of robotics, the handling of the PCL and
choice of polyethylene insert.

Author contribution All authors contributed to the study conception and
design. Material preparation and data collection were performed by Nicho-
las F. Cozzarelli, BS, Cristian A. DeSimone, BS, and Taylor D’Amore, MD.
Statistical analysis was performed by Matthew B. Sherman, BS. The senior
author (Jess H. Lonner, MD) provided study oversight. The first draft of
the manuscript was written by Nicholas F. Cozzarelli, BS, and all authors
edited the manuscript. All authors read and approved the final manuscript.

Data availability The data will not be deposited in a public repository.
Access to the data is limited by the privacy and data processing teams.

Code availability Not applicable.

Declarations

Ethics approval Institutional review board (IRB) approval was received
prior to initiating the study (iRISID2023-1789).

Informed consent The research presents no more than minimal risk of
harm to subjects and involves no procedures for which written consent
is normally required outside the research context.

Consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests The senior author is a consultant for the company
who developed the robot utilized for the robotic-assisted total knee
arthroplasties in this study, but he has conducted this study with good
ethical and clinical practice.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Selvarajah E, Hooper G (2009) Restoration of the joint line in total
knee arthroplasty. J Arthroplasty 24:1099-1102. https://doi.org/
10.1016/j.arth.2008.06.030

2. Fornalski S, McGarry MH, Bui CNH et al (2012) Biomechani-
cal effects of joint line elevation in total knee arthroplasty. Clin

10.

11.

12.

13.

14.

15.

16.

Biomech (Bristol Avon) 27:824-829. https://doi.org/10.1016/j.
clinbiomech.2012.05.009

Cross MB, Nam D, Plaskos C et al (2012) Recutting the distal
femur to increase maximal knee extension during TKA causes
coronal plane laxity in mid-flexion. Knee 19:875-879. https://doi.
org/10.1016/j.knee.2012.05.007

Luyckx T, Vandenneucker H, Ing LS et al (2018) Raising the
joint line in TKA is associated with mid-flexion laxity: a study in
cadaver knees. Clin Orthop Relat Res 476:601-611. https://doi.
org/10.1007/s11999.0000000000000067

van Lieshout WAM, Valkering KP, Koenraadt KLM et al (2019)
The negative effect of joint line elevation after total knee arthro-
plasty on outcome. Knee Surg Sports Traumatol Arthrosc
27:1477-1486. https://doi.org/10.1007/s00167-018-5099-8
Clavé A, Le Henaff G, Roger T et al (2016) Joint line level in
revision total knee replacement: assessment and functional results
with an average of seven years follow-up. Int Orthop 40:1655—
1662. https://doi.org/10.1007/s00264-015-3096-9

Partington PF, Sawhney J, Rorabeck CH et al (1999) Joint line
restoration after revision total knee arthroplasty. Clin Orthop Relat
Res 165-171

Hofmann AA, Kurtin SM, Lyons S et al (2006) Clinical and radio-
graphic analysis of accurate restoration of the joint line in revision
total knee arthroplasty. J Arthroplasty 21:1154—1162. https://doi.
org/10.1016/j.arth.2005.10.026

Figgie HE, Goldberg VM, Heiple KG et al (1986) 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 68:1035-1040

Kucera T, Urban K, Karpas K, Sponer P (2007) Restricted motion
after total knee arthroplasty. Acta Chir Orthop Traumatol Cech
74:326-331

Zambianchi F, Bazzan G, Marcovigi A et al (2021) Joint line
is restored in robotic-arm-assisted total knee arthroplasty
performed with a tibia-based functional alignment. Arch
Orthop Trauma Surg 141:2175-2184. https://doi.org/10.1007/
$00402-021-04039-z

Vaidya NV, Deshpande AN, Panjwani T et al (2022) Robotic-
assisted TKA leads to a better prosthesis alignment and a bet-
ter joint line restoration as compared to conventional TKA:
a prospective randomized controlled trial. Knee Surg Sports
Traumatol Arthrosc 30:621-626. https://doi.org/10.1007/
s00167-020-06353-2

Agrawal VO, Gadekar AP, Vaidya N (2022) Does robotic technol-
ogy successfully restore the joint line after total knee arthroplasty?
A retrospective analysis. Arthroplasty 4:6. https://doi.org/10.1186/
$42836-021-00103-6

Onggo JR, Onggo JD, De Steiger R, Hau R (2020) Robotic-
assisted total knee arthroplasty is comparable to conventional
total knee arthroplasty: a meta-analysis and systematic review.
Arch Orthop Trauma Surg 140:1533-1549. https://doi.org/10.
1007/500402-020-03512-5

Thiengwittayaporn S, Uthaitas P, Senwiruch C et al (2021) Image-
less robotic-assisted total knee arthroplasty accurately restores the
radiological alignment with a short learning curve: a randomized
controlled trial. Int Orthop 45:2851-2858. https://doi.org/10.
1007/500264-021-05179-y

Kim Y-H, Yoon S-H, Park J-W (2020) Does robotic-assisted TKA
result in better outcome scores or long-term survivorship than
conventional TKA? A randomized, controlled trial. Clin Orthop
Relat Res 478:266-275. https://doi.org/10.1097/CORR.00000
00000000916

. Liow MHL, Xia Z, Wong MK et al (2014) Robot-assisted total

knee arthroplasty accurately restores the joint line and mechanical
axis. A prospective randomised study. J Arthroplasty 29:2373—
2377. https://doi.org/10.1016/j.arth.2013.12.010

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.arth.2008.06.030
https://doi.org/10.1016/j.arth.2008.06.030
https://doi.org/10.1016/j.clinbiomech.2012.05.009
https://doi.org/10.1016/j.clinbiomech.2012.05.009
https://doi.org/10.1016/j.knee.2012.05.007
https://doi.org/10.1016/j.knee.2012.05.007
https://doi.org/10.1007/s11999.0000000000000067
https://doi.org/10.1007/s11999.0000000000000067
https://doi.org/10.1007/s00167-018-5099-8
https://doi.org/10.1007/s00264-015-3096-9
https://doi.org/10.1016/j.arth.2005.10.026
https://doi.org/10.1016/j.arth.2005.10.026
https://doi.org/10.1007/s00402-021-04039-z
https://doi.org/10.1007/s00402-021-04039-z
https://doi.org/10.1007/s00167-020-06353-2
https://doi.org/10.1007/s00167-020-06353-2
https://doi.org/10.1186/s42836-021-00103-6
https://doi.org/10.1186/s42836-021-00103-6
https://doi.org/10.1007/s00402-020-03512-5
https://doi.org/10.1007/s00402-020-03512-5
https://doi.org/10.1007/s00264-021-05179-y
https://doi.org/10.1007/s00264-021-05179-y
https://doi.org/10.1097/CORR.0000000000000916
https://doi.org/10.1097/CORR.0000000000000916
https://doi.org/10.1016/j.arth.2013.12.010

1030

International Orthopaedics (2024) 48:1023-1030

18.

19.

20.

21.

22.

23.

24.

Yeh K-T, Chen I-H, Wang C-C et al (2019) The adductor tubercle
can be a radiographic landmark for joint line position determina-
tion: an anatomic-radiographic correlation study. J Orthop Surg
Res 14:189. https://doi.org/10.1186/s13018-019-1221-y

Goh GS-H, Bin Abd Razak HR, Tan JY-W, Yeo S-J (2017) Intra-
operative measurements of joint line changes using computer nav-
igation do not correlate with postoperative radiographic measure-
ments in total knee arthroplasty. J Arthroplasty 32:61-65. https://
doi.org/10.1016/j.arth.2016.06.018

Popat R, Albelooshi A, Mahapatra P et al (2022) Improved joint
line and posterior offset restoration in primary total knee replace-
ment using a robotic-assisted surgical technique: An international
multi-centre retrospective analysis of matched cohorts. PLoS One
17:€0272722. https://doi.org/10.1371/journal.pone.0272722
Pereira GC, von Kaeppler E, Alaia MJ et al (2016) Calculating
the position of the joint line of the knee using anatomical land-
marks. Orthopedics 39:381-386. https://doi.org/10.3928/01477
447-20160729-01

Han H, Zhang X (2020) A new method for evaluation of patellar
height and the position of the joint line before and after total knee
arthroplasty. BMC Musculoskelet Disord 21:768. https://doi.org/
10.1186/512891-020-03794-1

Sato T, Koga Y, Sobue T et al (2007) Quantitative 3-dimensional
analysis of preoperative and postoperative joint lines in total
knee arthroplasty: a new concept for evaluation of component
alignment. J Arthroplasty 22:560-568. https://doi.org/10.1016/j.
arth.2006.06.020

Chen I-H, Wu W-T, Wang C-C et al (2016) An unambiguous technique
for locating the adductor tubercle and using it to identify the joint line.
Knee 23:960-963. https://doi.org/10.1016/j.knee.2016.05.014

@ Springer

25.

26.

27.

28.

29.

Tacono F, Raspugli GF, Bruni D et al (2014) The adductor tuber-
cle as an important landmark to determine the joint line level in
total knee arthroplasty: from radiographs to surgical theatre. Knee
Surg Sports Traumatol Arthrosc 22:3034-3038. https://doi.org/10.
1007/500167-013-2809-0

Bin Abd Razak HR, Pang HN, Yeo SJ et al (2013) Joint line
changes in cruciate-retaining versus posterior-stabilized com-
puter-navigated total knee arthroplasty. Arch Orthop Trauma Surg
133:853-859. https://doi.org/10.1007/s00402-013-1738-1
D’Amato M, Kosse NM, Wymenga AB (2021) Restoration of
pre-operative joint line orientation and alignment does not affect
KSS and KOOS 1 year after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 29:3170-3177. https://doi.org/10.
1007/s00167-020-06097-z

Calek A-K, Ladurner A, Jud L et al (2022) Tibial joint
line orientation has no effect on joint awareness after
mechanically aligned total knee arthroplasty. Knee Surg Sports
Traumatol Arthrosc 30:389-396. https://doi.org/10.1007/
s00167-021-06696-4

Babazadeh S, Dowsey MM, Swan JD et al (2011) Joint
line position correlates with function after primary total
knee replacement: a randomised controlled trial comparing
conventional and computer-assisted surgery. ] Bone Joint Surg Br
93:1223-1231. https://doi.org/10.1302/0301-620X.93B9.26950

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1186/s13018-019-1221-y
https://doi.org/10.1016/j.arth.2016.06.018
https://doi.org/10.1016/j.arth.2016.06.018
https://doi.org/10.1371/journal.pone.0272722
https://doi.org/10.3928/01477447-20160729-01
https://doi.org/10.3928/01477447-20160729-01
https://doi.org/10.1186/s12891-020-03794-1
https://doi.org/10.1186/s12891-020-03794-1
https://doi.org/10.1016/j.arth.2006.06.020
https://doi.org/10.1016/j.arth.2006.06.020
https://doi.org/10.1016/j.knee.2016.05.014
https://doi.org/10.1007/s00167-013-2809-0
https://doi.org/10.1007/s00167-013-2809-0
https://doi.org/10.1007/s00402-013-1738-1
https://doi.org/10.1007/s00167-020-06097-z
https://doi.org/10.1007/s00167-020-06097-z
https://doi.org/10.1007/s00167-021-06696-4
https://doi.org/10.1007/s00167-021-06696-4
https://doi.org/10.1302/0301-620X.93B9.26950

	Joint line position change in primary total knee arthroplasty: a radiographic analysis comparing conventional and robotic techniques
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Inclusion and exclusion criteria
	Data collection
	Patient characteristics
	Statistical analysis

	Results
	Radiographic measurements

	Discussion
	Conclusion
	References


