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How to Set Up a Digital Signature in Adobe Reader or Adobe Acrobat

Please note: depending on the version of the Adobe program, the depiction of the dialog boxes and the wording can vary. 
The following screenshots were taken from Adobe Acrobat Reader DC. 

To begin the digital ID setup process simply click in the appropriate signature fi eld. Select “Confi gure Digital ID”.

In the following dialog box, please select “Create a new Digital ID” and click Continue. 
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Total knee arthroplasty (TKA) has become a highly suc-
cessful operation when treating patients with end stage
osteoarthritis. As the population of the United States
continues to age, the number of projected TKA procedures
performed annually continues to rise.1 Malalignment in
TKA may affect implant function and lead to decreased
survival.2–5 Computer navigation increases the precision
and accuracy of component placement.6–10 Until recently,
there has been little evidence of improved survivorship,

outcomes, and patient satisfaction in patients undergoing
TKA utilizing computer navigation.11–15 This is a possible
explanation for the slow adaptation of computer naviga-
tion in TKA and why conventional TKA continues to be the
most common technique utilized for TKA in the United
States as well as most other countries around the world.
Conventional TKA instruments rely on anatomical land-
marks to guide with accurate placement of cutting jigs to
allow for appropriate osteotomies to restore the desired

Keywords

► total knee
arthroplasty

► computer navigation
► coronal alignmentQ5

Q5

Abstract Malalignment of total knee arthroplasty (TKA) components affects function and
survivorship. Common practice is to set coronal alignment prior to adjusting slope.
With improper jig placement, adjustment of the slope may alter coronal alignment.
The purpose of this study was to quantify the change in coronal alignment with
increasing posterior tibial slope while comparing two methods of jig fixation. Prospec-
tive consecutive series of 100 patients underwent TKA using computer navigation. Fifty
patients had extramedullary cutting jig secured proximally with one pin and 50 patients
had jig secured proximally with two pins. Coronal alignment (CA) was recorded with
each increasing degree of posterior slope (PS) from 0 to 7 degrees. Mean CA and
change in CA were compared between cohorts. Utilizing one pin, osteotomies drifted
into varus with an average change in CA of 0.34 degrees per degree PS. At 4 degrees PS,
patients started to have >3 degrees of varus with 12.0% having >3 degrees of varus at
7 degrees PS. Utilizing two pins, osteotomies drifted into valgus with an average
change of 0.04 degrees in CA per degree PS. No patients in the two-pin cohort fell
outside 3 degrees varus/valgus CA. CA was significantly different at all degrees of PS
between the cohorts. Changes in PS influenced CA making verification of tibial cut
intraoperative critical. Use of >1 pin and computer navigation were beneficial to
prevent coronal plane malalignment. This relationship may explain why computer
navigation has been shown to improve alignment as well as survivorship and outcomes
in some patients, especially those <65 years.
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limb alignment. Commonly, for the tibia, an extramedul-
lary cutting guide is utilized.

For the tibial cut, the most commonly used proximal
anatomical landmark to set rotational alignment is the
junction of the medial and mid one-third of tibial tubercle.
A common technique is to pin the proximal aspect of the
guide in line with this landmark prior to making any adjust-
ments to the coronal alignment or tibial slope. Adjustments
can be made to these parameters prior to pinning, but
attempting to adjust all the parameters (slope, coronal
alignment, height, and rotation) prior to pinning the jig
can be cumbersome. Surgeons may vary the number of
pins used to secure the jig. One of our senior authors utilizes
a single pin to secure the jig while the other uses two. The
surgeon who utilizes one does so for efficiency and concern
for increased risk of fracture with multiple pins as has
previously been reported in the unicompartmental knee
arthroplasty literature.16

Placement of the jig in line with this tibial tubercle
landmark is essential. It has previously been described in
the literature that if the jig is not appropriately aligned,
cutting the tibia with any amount of slope will alter the
coronal alignment.17 For example, if the guide is externally
rotated, the slope is cut in a posteromedial direction and it
will cause increased varus in the cut in the coronal plane
(►Fig. 1). This effect is magnified with increased slope.
Typically, the coronal alignment is set first using an extra-
medullary guide and then the posterior slope is set.17

Increasing the amount of slope in the tibial cut increases
the possible change in coronal alignment if the jig position
changes. Different TKA designs recommend varying degrees
of posterior slope in the tibial osteotomy for ideal implant
function. Some cruciate retaining total knee designs recom-
mend up to 7 degrees of posterior slope in the tibial osteot-
omy to maximize function.18 If the jig is misaligned, this has
the potential to significantly alter the desired coronal align-
ment of the osteotomy.

Computer navigation allows these alterations in the coro-
nal alignment to be realized in real-time during the proce-
dure as well as for further coronal plane adjustment so that
the desired target coronal and sagittal alignment are
obtained. The objectives of this study were to quantify the
change in coronal alignment of an extramedullary tibial
cutting jig as the posterior slope of the proximal tibial cut
was increased and to evaluate how rigidity of fixation (one

pinvs. twopins) in the proximal tibiamay change the coronal
alignment when the posterior slope was increased. The
relationship between coronal alignment and tibial slope is
important as it can have an impact on the final implant
position and limb alignment. Deviating from the preopera-
tive goal, whether that be restoring mechanical axis align-
ment or kinematic alignment of the knee, may influence the
survivorship of the implant and the functional outcome for
the patient.

Methods

This study is a prospective consecutive series of patients
undergoing TKA performed by two surgeons at a large
academic hospital. Prior to initiating the study, IRB approval
was obtained (IRB-19–312) by our institutions IRB on
December Q6Q6

Q6 4, 2019. Patients identified as potential study
participantswere consecutive patients scheduled to undergo
TKA utilizing computer navigation with two surgeons. There
were no exclusion criteria. These patients were provided
with a detailed description of the risks, benefits, and alter-
natives of participating in the study and gave signed in-
formed consent during their preoperative clinic visit.

Operative Technique
All patients underwent a standard midline incision with
medial parapatellar approach and placement of computer
navigation arrays. The same computer navigation systemwas
utilized by both surgeons. At the time of the tibial cut, the
extramedullary cutting guide was clamped to the ankle
distally and then navigated into position. The first cohort
of 50 patients treated by a single surgeon had the cutting jig
held in place with one pin into the proximal tibia after the
desired resection level and rotation were obtained.
The second cohort of 50 patients treated by a second single
surgeon had the guide held in place with two pins in the
proximal tibia after the desired resection level and rotations
were obtained. The jig was initially set at 0 degrees
varus/valgus and 0degrees posterior slope in both cohorts.
The posterior slope was sequentially increased in 1degree
increments from 0 to 7 degrees and the coronal alignment
was recorded with each degree of change. Jig position was
then return to planned resection position for each surgeon
and the tibial cut was performed. The navigation verification
tool was utilized to record the final tibial cut alignment. The
remainder of the procedurewas performed per the surgeon’s
usual technique.

Statistical Analysis
Independent statistical analysis was performed. A power
analysis was performed which returned a sample size of
64 patients with cohorts of 32 patients each necessary to
make our study results valid. Mean coronal alignment was
calculated for each cohort at each degree of posterior slope.
Also, the mean change in coronal alignment per change
in degree of posterior slope was calculated for each cohort.
Finally, themean final tibial cut alignment was calculated for
each cohort and compared with the surgeon target. These

Fig. 1 Picture demonstrating the relationship between positioning of
the extramedullary tibial cutting jig and changes in coronal alignment
with increasing posterior slope.
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data were evaluated and felt to be appropriate for pooled t-
test and ANOVA. Coronal alignment was compared between
the two groups at each recorded degree of posterior slope.

Results

There were statistically significant differences between the
mean coronal alignment in each cohort with each degree of
increasing posterior slope (►Table 1) with p-values of
<0.0001 for each degree of posterior slope. All the tibial
osteotomies drifted into increased varus in the single pin
cohort. The mean coronal alignment at 7 degrees posterior
slope for the single pin cohort was 2.38degrees varus with a
range of 0.5 to 4.5 degrees varus. The tibial osteotomies in the
two-pin cohort had a propensity to drift into valgus to a less
significant degree. The mean coronal alignment at 7 degrees
posterior slope for the two-pin cohort was 0.22degrees
valgus with a range of 1 degree varus to 1.5 degrees valgus.
Six of the 50 patients in the single pin cohort (12.0%) had
>3degrees of varus at 7 degrees posterior slope while there
were zero patients in the two-pin cohort who had >1.5
degrees valgus at 7 degrees posterior slope. Themean change
in coronal alignment per degree of increased posterior slope
in the single pin cohort was 0.34degrees while the average
change in the two-pin group was 0.04degrees (►Table 2).

The mean final tibial cut alignment in the single pin group
was 0degrees varus/valgus and 2.04 degrees posterior slope
while the surgeon target was 0degrees varus/valgus with
2degrees posterior slope. Themean final tibial cut alignment
in the two-pin group was 0degrees varus/valgus with
0.88degrees posterior slope while the surgeon target was
0degrees varus valgus with 0degrees posterior slope. There
were no tibial fractures identified in either group.

Discussion

Our study demonstrates that changes in tibial slope do
influence coronal alignment. It also demonstrated that the
use of one pin resulted in an increased deviation fromdesired
coronal alignment with increasing amounts of posterior
slope when compared with two pins. One possible explana-
tion for this observation is that the jig may be able to rotate
around the single pin despite distal stabilization provided by
ankle clamp portion of the extramedullary guide as the slope
is increased resulting in changes in the coronal alignment
while the second pin provides more constraint and does not
allow for as much rotation.

It was also observed in this study that computer naviga-
tion helps surgeons achieve their preoperative tibial osteot-
omy targetmore precisely as it allows them to identify in real

Table 1 Mean coronal Q7Q7
Q7 alignment at increasing degrees of posterior slope

Single pin Two pin p-Value

Posterior
slope

Mean coronal
alignment

Range Mean coronal
alignment

Range

1 degree 0.26 degrees Varus 0.0–0.5 degrees Varus 0.01 degrees Valgus 0.5 degrees Valgus–0.5 degrees Varus <0.0001

2 degrees 0.63 degrees Varus 0.0–1.5 degrees Varus 0.09 degrees Valgus 0.5 degrees Valgus–1.0 degrees Varus <0.0001

3 degrees 1.01 degrees Varus 0.0–2.5 degrees Varus 0.05 degrees Valgus 1.0 degrees Valgus–0.5 degrees Varus <0.0001

4 degrees 1.35 degrees Varus 0.0–2.5 degrees Varus 0.12 degrees Valgus 1.5 degrees Valgus–1.0 degrees Varus <0.0001

5 degrees 1.75 degrees Varus 0.5–3.5 degrees Varus 0.16 degrees Valgus 1.5 degrees Valgus–1.0 degrees Varus <0.0001

6 degrees 2.06 degrees Varus 0.5–4.0 degrees Varus 0.20 degrees Valgus 1.5 degrees Valgus–1.0 degrees Varus <0.0001

7 degrees 2.38 degrees Varus 0.5 degrees –4.5
degrees Varus

0.22 degrees Valgus 1.5 degrees Valgus–1.0 degrees Varus <0.0001

Table 2 Mean change in coronal alignment per degree of increased posterior slope

Single pin Two pin

Posterior slope Mean change
Coronal alignment

Range Mean change
Coronal alignment

Range

0–1 degrees 0.26 degrees 0.0–0.5 degrees 0.01 degrees 0.0–0.5 degrees

1–2 degrees 0.37 degrees 0.0–1.0 degrees 0.08 degrees 0.0–0.5 degrees

2–3 degrees 0.38 degrees 0.0–1.5 degrees 0.04 degrees 0.0–0.5 degrees

3–4 degrees 0.34 degrees 0.0–1.5 degrees 0.07 degrees 0.0–0.5 degrees

4–5 degrees 0.40 degrees 0.0–1.0 degrees 0.04 degrees 0.0–1.0 degrees

5–6 degrees 0.31 degrees 0.0–1.0 degrees 0.04 degrees 0.0–1.0 degrees

6–7 degrees 0.31 degrees 0.0–1.0 degrees 0.02 degrees 0.0–0.5 degrees

Mean change 0.34 degrees 0.04 degrees
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time any changes in coronal alignment and correct them
prior to performing the osteotomy. In our study, both sur-
geons strived for neutral mechanical axis restoration. Our
data demonstrate that computer navigation allowed both to
meet their preoperative planned osteotomies as demonstrat-
ed in our data with the final tibial cut alignment validation
data. Un-noticed changes in coronal alignment using a
conventional technique can lead to deviation from this
preoperative target. Care should be taken when manually
aligning the tibial cutting jig to recheck the coronal align-
ment if the slope of the jig has been altered prior to tibial
osteotomy. Alternatively, jigmalposition due to the interplay
between coronal alignment and tibial may be avoided by
setting the tibial slope prior to setting the coronal alignment.
Therefore, we suggest that setting tibial slope prior to coro-
nal alignment may be a preferred sequence of events.

This observed deviation from planned coronal alignment
with increasing tibial slope, especially greater than
4degrees, can have long-term consequences on implant
survivorship and patient outcomes regardless of initial de-
sired target. For example, in our study, with the goal of
neutral mechanical axis restoration, six of 50 patients
(12.0%) in the one pin cohort had a final coronal alignment
of >3degrees of varus at 7 degrees posterior slope. Multiple
studies have reported that the goal of mechanical axis
restoration should be within�3degrees of neutral to maxi-
mize survivorship and outcome.2,3,19 While computer navi-
gation helps ensure alignment falls within that designated
zone, until recently, it had not been shown that there is a
significant difference in survivorship and outcomes using
computer navigation.11–15 There is emerging literature
with longer term follow-up that demonstrate superior
survivorship and outcomes in patients undergoing TKA
utilizing computer navigation especially in patients younger
than 65.11,13,14 Additionally, Berend et al has previously
reported a statistically increased rate of failure of the
tibial component if positioned >3.9 degrees varus. In our
one pin cohort, four of 50 patients (8.0%) would have been at
risk for that increased rate of failure.5 This concept can be
extrapolated to the potential impact of coronal alignment
deviation on the outcomes and survivorship of kinematically
aligned knees. Therefore, careful consideration should be
taken when utilizing conventional instrumentation and an
implant system recommending large amounts of posterior
slope.

Our data also demonstrates that as computer navigation
and other enabling technologies continue to evolve, using
less than two pins for proximal tibial jig fixation despite
distal stabilization significantly increases the risk of mal-
positioning if it goes undetected. A malpositioned jig leads
to alteration of the desired tibial cut which further under-
scores the importance of cut verification when utilizing
these technologies in addition to the implications previous-
ly discussed for use of conventional instrumentation for
TKA.

Our study is not without limitations. The use of one or two
pins was not randomized between surgeons. Fifty consecu-
tive patientswere obtained using one pin byone surgeon and

the second 50 consecutive patients were obtained using two
pins by the second surgeon. While surgical technique was
similar between the two surgeons, their final goal for tibial
osteotomy differed with the first surgeon planning for
2 degrees posterior slope and the second surgeon planning
for 0 degrees posterior slope. Also, each surgeon used a
different extramedullary tibial cutting jig. The design is
similar but each surgeon used a different implant system
and thus a different tibial jig which we feel makes the
potential for the guide to be a confounding factor minimal
especially since in both groups we observed that changes in
posterior slope resulted in changes in coronal alignment.

Conclusion

Based on these findings, when posterior slope is increased
using an extramedullary cutting jig there is a propensity to
alter the previously set coronal alignment of the jig. In our
study, when one pin is utilized, increased slope resulted in
varus alignment >3degrees in six of 50 patients (12.0%) at
7 degrees posterior slope while zero patients in the two-pin
cohort had a change in coronal alignment >1.5 degrees at
7 degrees posterior slope. Excessive varus alignment may
result in decreased survivorship of prosthesis. Use of more
than one pin is beneficial to prevent deviation from desired
coronal alignment in systems with increased posterior slope
and demonstrates that verification of the tibial cut is critical
intraoperatively especially if using a single pin for fixation.
Additionally, these variations can be recognized by computer
navigation and can allow for intraoperative correction. As
further long-term data emerges regarding improved survi-
vorship and outcomes in patients following TKA using com-
puter navigation, the relationship observed in this study
between posterior slope and coronal alignment may help
explain why navigation leads to increased survivorship and
outcomes.

Conflict of Interest
J.W.M. reports he is a consultant for Medacta And has no
relationship to this study. J.T.M. reports other fromDePuy,
other from Corin, other from Stryker, other from Corin,
other from Think Surgical, from United Orthopaedics,
outside the submitted work.

References
1 Kurtz S, Ong K, Lau E, Mowat F, HalpernM. Projections of primary

and revision hip and knee arthroplasty in the United States from
2005 to 2030. J Bone Jt Surg -Ser A 2007;89(04):780–785

2 Morgan SS, Bonshahi A, Pradhan N, Gregory A, Gambhir A, Porter
ML. The influence of postoperative coronal alignment on revision
surgery in total knee arthroplasty. Int Orthop 2008;32(05):
639–642

3 Bonner TJ, Eardley WGP, Patterson P, Gregg PJ. The effect of post-
operative mechanical axis alignment on the survival of primary
total knee replacements after a follow-up of 15 years. J Bone Jt
Surg—Ser B 2011;93(09):1217–1211

4 Ritter MA, Faris PM, Keating EM, Meding JB. Postoperative align-
ment of total knee replacement: its effect on survival. Clin Orthop
Rel Res 1994;299:153–156

The Journal of Knee Surgery Vol. 00 No. 0/2021 © 2021. Thieme. All rights reserved.

Total Knee Arthroplasty Betzle et al Q1Q1
Q1.4



5 Berend ME, Ritter MA, Meding JB, et al. Tibial component failure
mechanisms in total knee arthroplasty. Clin Orthop Rel Res 2004;
(428):26–34

6 Matziolis G, Krocker D, Weiss U, Tohtz S, Perka C. A prospective,
randomized study of computer-assisted and conventional total
knee arthroplasty: three-dimensional evaluation of implant
alignment and rotation. J Bone Jt Surg—Ser A 2007;89(02):
236–243

7 SparmannM,Wolke B, Czupalla H, Banzer D, Zink A. Positioning of
total knee arthroplasty with and without navigation support. J
Bone Jt Surg—Ser B 2003;85:830–835

8 Mason JB, Fehring TK, Estok R, Banel D, Fahrbach K. Meta-
analysis of alignment outcomes in computer-assisted
total knee arthroplasty surgery. J Arthroplasty 2007;22(08):
1097–1106

9 Haaker RG, Stockheim M, Kamp M, Proff G, Breitenfelder J,
Ottersbach A. Computer-assisted navigation increases precision
of component placement in total knee arthroplasty. Clin Orthop
Relat Res 2005;(433):152–159

10 Victor J, Hoste D. Image-based computer-assisted total knee
arthroplasty leads to lower variability in coronal alignment.
Clin Orthop Rel Res 2004;(428):131–139

11 de Steiger RN, Liu YL, Graves SE. Computer navigation for total
knee arthroplasty reduces revision rate for patients less than
sixty-five years of age. J Bone Joint Surg Am 2015;97(08):
635–642

12 Brereton SG, Grant A, Dlaska CE. Computer-assisted technologies
in arthroplasty: navigating your way today. JBJS Rev 2020;8(03):
e0157

13 Baier C, Wolfsteiner J, Otto F, et al. Clinical, radiological and
survivorship results after ten years comparing navigated and
conventional total knee arthroplasty: a matched-pair analysis.
Int Orthop 2017;41(10):2037–2044

14 Todesca A, Garro L, Penna M, Bejui-Hugues J. Conventional versus
computer-navigated TKA: a prospective randomized study. Knee
Surg Sports Traumatol Arthrosc 2017;25(06):1778–1783

15 Petursson G, Fenstad AM, Gøthesen Ø, et al. Computer-assisted
comparedwith conventional total knee replacement: amulticen-
ter parallel-group randomized controlled trial. J Bone Joint Surg
Am 2018;100(15):1265–1274

16 Brumby SA, Carrington R, Zayontz S, Reish T, Scott RD. Tibial
plateau stress fracture: a complication of unicompartmental knee
arthroplasty using 4 guide pinholes. J Arthroplasty 2003;18(06):
809–812

17 Vail TP, Lang JE. Surgical Techniques and Instrumentation in Total
Knee Arthroplasty. Sixth ed. Elsevier Inc.; 2017

18 Zimmer. Nexgen Complete Knee Solution Surgical Technique.
2003 Q8Q8

Q8

19 Parratte S, Pagnano MW, Trousdale RT, Berry DJ. Effect of postop-
erative mechanical axis alignment on the fifteen-year survival of
modern, cemented total knee replacements. J Bone Jt Surg-Ser A
2010;92(12):2143–2149

The Journal of Knee Surgery Vol. 00 No. 0/2021 © 2021. Thieme. All rights reserved.

Total Knee Arthroplasty Betzle et al Q1Q1
Q1. 5



Author Query Form (JKS/200388oa)

Special Instructions: Author please write responses to queries directly on proofs
and then return back.

Q1: AU: Please verify the running head suggested by the copy editor and correct if necessary
Q2: AU: Please confirm that given names (red), middle names (black) and surnames (green) have been identified correctly.

Author names in bibliographic citations and online will appear as: Betzle CJ, Bringe KE, Horberg JV, Moskal JT, Mann JW.
Effect of Tibial Slope on Coronal Alignment in Total Knee Arthroplasty. Please confirm if this is correct.

Q3: AU: Please provide the academic degrees of all authors of the article.
Q4: AU: As per journal specific style abstract has been made unstructured.
Q5: AU: The keyword list has been updated as per the occurrence of keywords in the text. Please check for correctness.
Q6: AU: Please check the date as set here for accuracy.
Q7: AU: Please check and confirm all the tables as set for accuracy.
Q8: AU: Please provide complete bibliographic details for Ref. [18].


	Journal: The Journal of Knee Surgery
	Manuscript Title: Effect of Tibial Slope on Coronal Alignment in Total Knee Arthroplasty
	Manuscript Number: 200388OA
	Authors: Christopher J. Betzle, Kariline E. Bringe, John V. Horberg, Joseph T. Moskal, John W. Mann
	Corresponding authorʼs contact data: Christopher J. Betzle, Department of Orthopaedic Surgery, Carilion Clinic, 2331 Franklin Rd SW, Roanoke, VA 24033-1336
	Corresponding authorʼs e-mail address: cjbetzlemd@gmail.com
	Contact at the publishers: Ankita Tripathi
	E-mail address at the publishers: ankita.tripathi@thieme.in
	Date: 


