42

YINYEs T < atduil b N3N - SuAN beoe

HavaIN1TAgULUAIANTUYaInTEaniilleduuusan1 SR lunTsHdALURE
Faflsuwuvaysndiduluivadlasldneuiuneidiening

alggna asvivuuwiy (nu)' Sulee aSauysal (wu.) wommed waednsa (w.u.)’
uazwgne lyeia (W)

'a1uIveslsUnnd AuzwIemans INNINeIREYIINT Yaus Usewmelng
“audlsanszgnduvdaarquinsegnuazdeiiiosdu Ismenunamsze ngummamuns
Usznalny

*gunisunmdnszgnndnsiile smenuiang v navmamuas Usemelne
‘n1AIY1003lsUANS AMZWIVEAANTITINGIUIA UNTINEIFEUIRUNTIETY NFUNNUNIUAT
Usznalny

unAnga

Usun InarensAnwinuinnisidneuiuneitierifnaunsanianuduvesnseaniiiisdiuuunse
nszgnuthudsaigsidinasuteniiionfsdmarionsvnszeraunaluvinveiinagidonisindeulm
YostpraIinsiidinde i eniuuoysndduluivas

fnqustaed iowSeufisunnuasundawesnudunssgamthudsseninsnousindauasndsrsn
Tugithefldsumaudeuteriwuveyindidulyinddeglineuiiumestionida saufdnwmavesns
Wasuulasenutusiensmyaaunaluvinselsiindsnissingn

FBnsenw {IdeAnudeyananisiidaasudeindeundsuuudanng TnereuindngUaeiiony
11031 60 TAul IHsuneitadedudomnden amnsnseldinnnd 100 osn uasuwmd oy
msrdadsutefisuuuuiteundidulyindalasldnouinmestagrifa (computer-assisted
surgery-cruciate retaining-total knee arthroplasty, CAS-CR-TKA) 7i Tsanenuiandsenetuia Faus
Woununwug w.m2551 fla 31 Tunew w.a 2554 fATeutsderildsunsindadu 2 ngu leun nau
AuAx Ao el TlFsunSHIFALUY CAS-CR-TKA wagndsrindnannsaseildviiuviomnnitnou
MEnde naudnw Ae Teriidududeaddsuitindaluiesidinainuuy CAS-CR-TKA Tudums
Wsauuudmdulyndeenidesostduuludowndionuuunawnudulyings (posterior stabilized-
total knee arthroplasty, PS-TKA) ilesanliianansamszeraugaluseinvnzsindinle wievdshsn
fhesanilddosasnindu 15 esn ideAnuvianudureinssgnuiudsisniounasndsnisindnd
Idannmneniumestionidn uaznmdenissadnldaniounsindn wagiiszes 1 1oy 3 1o
WA 6 LABUNAINIAR

Han1sAne §Uaed1uau 43 518 831w 46 Teitn wusdunguaiuaudiui 11 dewn warngudne
$1uau 35 Fouth anuduvesnszgnuiiudssswinreurdnuasdsrdinmesisasnduiie nduniuau
wagnguAnwlifianuusnsinsty winuinisasunasnuduresnsegamtudsseninslungs



43
BJM Vol.8 No.2 July - December 2021

= = = = o W | Ao o w aa
AIUAN AB 4.16 D97 WagNguAn®I Aa 7.64 83 Fadlanuuandnsiuvegilidudfaynieeadia (o =.01)
i =] Ao = o &, oAk ] " v
wag nuinguAnwndnisdsuwlasanudu 7.64 asen Wungunlianansamanaunaluvitseing
Wehsnasudawniisuwuveuysniduluindsla
agu nswdsunlasanuduresnsegnuinudessninneunagvdsidiniiinniuly (unsdnwilfe
NN 7.64 83r) azvililianunsemszezaunaluieivasingn 3snduseulasuulanis
[ 1 = v 6 Y & aaa
idnsaLuvansnea Ul ImaluduIsauuny
Amdfy  Talnden Aeufunestierdn niskdasudeiniien susndduluinds Aty
nsznuiude (dedimun)

a sl

WUSNSURAYaU alggNe FIvAnUILUY

eXe

a1913v1003515UANE AUTUNNYAANT UM INGITEYTN
Jadnvays Ysenelng

E-mail: n.nanaen@gmail.com, nattaphon@go.buu.ac.th

TWNTUNAY : WYATINIBY 2563 TUNNBUITUNANIY : NSNGYIAN 2564



a4

YINYEs T < atduil b N3N - SuAN beoe

Effects of posterior tibial slope restoration difference in cruciate retaining total

knee arthroplasty using computer-assisted surgery

Natthaphon Surachtnanan (M.D.)!, Tipatai Srisomboon (M.D.), Prutpong Saengjumrut (M.D.)’
and Pruk Chaiyakit (M.D.)*

'Orthopedics Department, Faculty of Medicine, Burapha University, Chonburi, Thailand
’Midnight Spine and Orthopedic Center, Chaophya Hospital, Bangkok, Thailand

3Or’thopedic Institute, Phyathai Hospital, Bangkok, Thailand

‘Orthopedics Department, Faculty of Medicine, Vajira Hospital, Navamindradhiraj University,
Bangkok, Thailand

Abstract

Context: Studies have shown that the presence of a posterior tibial slope after total knee
arthroplasty(TKA), affects both flexion gap balancing and the patient’s range of motion after
surgery, especially in cruciate-retaining, computer-assisted total knee arthroplasty surgery.
Objective: To compare changes in the position of the posterior tibial slope, pre and post
operation, on patients having received CR-TKA (cruciate-retaining total knee arthroplasty). The
effects of a change in the posterior slope on flexion gap balancing and knee bending were
also studied.

Materials and Methods: This was a cross-sectional, retrospective study, performed on computer-
assisted cruciate-retaining total knee arthroplasty (CAS-CR-TKA) patients at Vajira Hospital, from
February of 2008 to March 31* of 2011. Patients with a degree of knee flexion less than 100
degrees were not included in this study. After performing the CAS-CR-TKA, we classified the
patients into two groups, as determined by comparing the changes in their posterior tibial slope
before and after operation. Changes to the tibial slope were observed via computer and x-ray
film. The study group of patients were those needing to either retain their posterior cruciate
ligament (PCL), needing to change from CAS-CR-TKA to PS-TKA (posterior stabilized-TKA); or,
whose degree of knee bending was less than 15 degrees. The control group of patients were
those with an equal or improved degree of knee flexion before taking their CAS-CR-TKA.
Results: Slope restoration differences between the study and control groups were statistically
significant (7.64 degrees in the study group, and 4.16 degrees in the control group) with p-value
at 0.01. The pre and postoperative posterior tibial slope was not different statistically between

groups.
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Conclusions: Posterior tibial slope restoration (changing between pre-operative and post-
operative tibial slope) greater than 7.64 degrees will result in inability to find a balance gap
during knee flexion and decrease range of motion of the knee after the cruciate-retaining,

computer-assisted total knee arthroplasty surgery.
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retaining, Tibial slope
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Introduction

Osteoarthritis refers to losing parts
of the joint articular cartilage surface along
with the regeneration of osteophyte. The
regeneration of osteophyte makes the knee
joint abnormal, resulting in painful knee
deformities and knee stiffness. These effects
reduce the quality of the patient’s life."

Total knee arthroplasty (TKA) is normally
performed when conservative treatment is
unsuccessful. Generally, replacing the knee
joint can be classified into several kinds
and types. To opt for this kind of operation
depends on each patient’s symptoms, pre-
operation disorders, intra-operation situations
as well as the expertise of the doctor and post-
operation management, rehabilitation and the
patient’s resolution

Upon the treatment of osteoarthritis
includes replacing the patient’s knee joint
using cruciate-retaining total knee arthroplasty
(CR-TKA), we found that the range of motion of
knee joints was less than 100 degrees in some
patients. Moreover, some patients needed to
release their posterior cruciate ligaments, or
needed to change the type of operation to
a posterior stabilization (PS) during surgery
because there was an unbalanced flexion
and extension gap (tight flexion gap) during
surgery.” Normally, TKA have to resected the
bone on both distal femur and proximal tibia
for created gap and need to balance the gap
on both flexion and extension knee before

inserting the prosthesis for the good result

(longevity prosthesis and better range of
motion function).

Recently,” computers have been used
to improve the accuracy of slope and position
measurements during TKA, i.e., “Computer
assisted surgery in total knee arthroplasty (CAS-
TKA).” As a result, CAS-TKA had better accuracy,
especially with bone cutting. However, there
were some patients whose post-operation
knee flexion was less than 100°. As mentioned
earlier, this problem is caused by an instability
due to a tight flexion gap. To the best of our
knowledge, there is no literature available
recommending the specific degree of posterior
tibial slope, when performing CR-TKA.

Consequently, we began studying the
changes of the posterior slope in patients
undergoing CR-TKA, if changes in the posterior
slope caused an unbalanced flexion and
extension gap, then the type of surgery must
be changed to a posterior stabilized (PS)
design. It should be noted that an unbalanced
flexion and extension gap may decrease the
slope of knee bending in some patients.

The purpose of this study was to
compare changes in the posterior slope before
and after performing operation on patients
receiving CR-TKA. The effect and correlation
of the change in posterior slope to the flexion
gap, as well as balancing and knee bending

was also studied.

Materials and Methods
This research was conducted on

osteoarthritis patients receiving surgery at
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the Faculty of Medicine of Vajira Hospital,
Navamindradhiraj University, Bangkok Thailand.
The findings were based on a cross-sectional,
retrospective study from February of 2008
to the 31" of March of 2011. Moreover, the
treatment of these osteoarthritis patients
needed to be performed using CAS-CR-TKA.
Inclusion criteria:
1. The patient is more than 60 years
old
2. Posterior drawer tests negative
Exclusion criteria:

1. Inflammatory joint disease

2. Post-infectious arthritis

3. A previous major knee injury

4. The presence of a lower
extremity fracture after CAS-CR-TKA

5. Pre-operative range of motion
(ROM) < 100 degrees

6. An inability to continually
follow up with the patient

7. Inadequate Radiograph

8. Serious medical illness

Following the above criteria, 26 of the
69 CAS-CR-TKA patients were excluded from
our research due to pre-operation risks such
as inadequate knee flexion (ROM less than 100
degrees), rheumatoid arthritis, severe medical
illness; post-operation risks such as surgical
knee infection, knee flexion decreased less
than 14 degrees after operation, and a problem
with the x-ray films. Therefore, only 46 post
operation patient’s knees from 43 patients
were separated into two groups, the control
group and the study group for evaluating
their posterior tibial slope. The control group
was the 11 patients’ knees whose degree
of knee flexion were better or the same as
before operation. The study group included
35 patients’ knees with knee flexion decreased
more than 15 degrees after operation or
patients needing posterior cruciate ligament
(PCL) release to tighten their flexion gap — or
even patients needing to change their knee
prosthesis to a posterior stabilized-TKA (PS-
TKA) design intraoperation because of further

complications with their flexion gap.
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Ostecarthritis knee intention to do CAS-CR-TKA: 72 knees, 69 patients

Pre-operation risks

-ROM < 100 degree - 8 knees
-Rheurnatoid arthritis - 2 knees

Severe medical illness - 1 knee
Post-operation risks

-Infection - 1 knee

-ROM decreased 5-14 degree — 8 knees
-Inadequate film - & knees

Fost-operation: 46 knees, 43 patients

Control Group Study Group
RO ROM PCL Convert to PS
equalfimproved decreased > 15° release > 50 % 11 knees
11 knees 19 knees 5 knees

Figure 1 Overview of the number of patients receiving operations at Vajira Hospital
Note: CAS-CR-TKA = Computer-assisted cruciate-retaining total knee arthroplasty;

ROM = Range of motion; PCL = Posterior cruciate ligament; PS = Posterior stabilized

Measurements of the degrees of each to measure the slope using a goniometer.
patient’s knee flexion were taken before and However, the medical assistants had no other
the first, third and sixth month after operation  contribution in this research.

by two medical assistants who were trained

Figure 2 The method of measuring the posterior tibial slope with radiography
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Note: Dot line - proximal anatomical
axis of the tibia: created by a line drawn
proximal to middle in the intramedullary canal
bisecting the tibial in half; a - preoperative tibial
slope; b - postoperative tibial slope

X-rays were taken by two doctors.
The first doctor performs the x-ray while
the second doctor evaluates any error in
measurement. In this research, we used the
proximal anatomical axis of the tibia (Figure
2) to measure the tibial slope.*® From the
method of posterior tibial slope measuring
(Yoo®), the proximal anatomical axis of the tibia
was used for best accuracy.

Results from the x-rays are as follows:

1. Posterior Tibial Slope before and

after operation.

2. Anatomical axis of knee.
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The differences in slope before and
after operation was used to evaluate the
success of the restoration.

The operation was done by using a
medial parapatellar approach. There was a
posterior cruciate ligament (PCL) examination
in the operation. If PCL insufficiency was
detected, the Posterior Stabilized (PS) design
is implemented. In patients whose posterior
cruciate ligament function was normal, the
operation was ongoing to the computer-
assisted surgery (CAS-TKA). As shown in Figure
3, there was an evaluation of the knee’s
tightness after cutting the bone and inserting
a trial prosthesis. If there was tightness of the
knee flexion, the PCL release was performed.
If the PCL release results in more than 50%
flexion, the type of knee prosthesis was then

changed to a PS design.
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Figure 3 Computer-assisted surgery in total knee arthroplasty monitor a Showed method

to template for selected tibial tra b Planning for tibial resection data and

intraoperative posterior tibial slope
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Statistical evaluations from our analysis
. complied with the Mann-Whitney test. The
parameters in this research were set as p-value

less than 0.05 and size of population was 72.9.

Results
Forty-six post operation patient’s

knees consisted of 11 patient’s knees made

up a control group, with a study group of 35

Figure 4 The flexion gap tightness after patient’s knees for evaluating their posterior
the full prosthesis trial. The tibial slope. However, the basic information
polyethylene (blue arrow) was as shown in Table 1 between the two groups.

lifted off during knee flexion (black  (average age, BMI, tourniquet time and the
dot arrow) — flexion gap tightness amount of blood lost) were not different.

was the cause of the condition.

Table 1 Basic demographic data between control and study groups

Basic Demographic Data Control Groups Study Groups
Number (knee) 11 35
Average age (yr) (SD) 71.53 (8.06) 68.66 (3.55)
Gender
- Male 2 1
- female 9 34
BMI (kg/m?) (SD) 27.011 (5.09) 27.16 (5.06)
Tourniquet time (min) (SD) 72.5(13.2) 91.66 (20.1)
Amount of blood lost (cc.) 680 580

A knee’s anatomical axis is calculated balanced flexion-extension gap. As a result,
as either varus or valgus knees, and both we found that the anatomical axes of our two

anatomical axes affect operation and a groups of patients were not different (Table 2).

Table 2 Anatomical axes before and after operation across both groups

Degree of Varus (SD)

Types
Control Group Study Group

Pre-op Mechanical Axis (X-ray) 9.90 (6.05) 10.99 (6.31)
Post-op Mechanical Axis (X-ray) 2.90 (1.51) 2.88 (2.89)
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Furthermore, when we compared
posterior tibial slope differences from both
groups, both pre- and post-operation, in the
control group, knee flexion is the same or

better (the difference is 4.16 degrees); and, in

the study eroup, the slope difference was 7.46
degrees. These values were further calculated
through a statistical model to reveal there was
significant difference (p < 0.01) (Table 3)

Table 3 Compare posterior tibial slopes, pre-operative, post-operative and the differences in

slope between pre and post-operative

Pre-operative slope

Groups

Post-operative slope Difference in Posterior

(degree) (degree) Tibial Slope (degree)
Control Group
10.63 6.59 4.16
- ROM equal or increase
Study Group
- ROM decrease
12.11 4.65 7.46

- PCL release 50%
- Change to PS-TKA

Discussion

The problem of a decrease in the
degree of knee flexion after operation is
caused by a tight flexion gap. As mentioned in

previous studies, "

the posterior slope affects
the flexion gap balancing. In the literature of
Bellemans et al., studies were carried out on
cadavers. To cut the tibia along different slopes
would change the degree of knee flexion
(when the posterior tibial slope was increased
by 1 degree, the degree of knee flexion
increased to 1.7 degrees). However, Massin
et al. found that when studying real patients,
cutting the posterior slope at an increase of
five degrees resulted in a five degree decrease
in knee flexion, as compared with the patient’s
preoperative degree of knee flexion. It should
be noted too that the study above was a
PS-TKA operation.'* Kansara et al., found the

difference in posterior slope did not affect the

degree of knee flexion.” It should be noted
that that study used a PS-TKA operation. Pruk
et al., found there was a 0 - 3 mm increase in
flexion gap after the PCL is removed in total
knee arthroplasty.” Lombardi et al. reported
that, If the degree of posterior tibial slope was
less than 3 degrees, a PCL release would be
required — but not in patients with a posterior
tibial slope more than 3 degrees."”

It can be seen from the CR total knee
arthroplasty group, that the posterior cruciate
ligament will affect a patient’s flexion gap
more than in patients from the PS total
knee arthroplasty group. This means that the
posterior tibial slope cut must be in the desired
value to avoid the problem of balancing the
flexion and extension gap.

However, the posterior tibial slope
in each patient is different, according to the

research of Chiu et al., having studied on
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cadavers, that the average posterior tibial slope
was 14.7 degrees (SD = 3.7 degrees; Range =
5-22 degrees). In patients with osteoarthritis
the slope was significantly more than in
patients without osteoarthritis.'® Kansaral and
colleagues have measured the posterior tibial
slope was in the range of 0 - 15 degrees."”
Matsuda et al, found that patients with normal
functioning knees exhibited a posterior tibial
slope within the range of 5 - 15 degrees, while
in the varus knee the range was 1.5 - 1.9
degrees.' In this study it was found that the
posterior tibial slope of the patients was in the
range of 3 - 18 degrees.

This research found no statistically
significant difference in the posterior tibial
slope of the patient before or after surgery.
However, when we take the original patient
before surgery and after surgery, and take the
differences of the slope’s change before and
after surgery, we found a decrease in knee
flexion, a necessity to cut the PCL or the need
to change the type of prosthesis, resulting in a
knee flexion the same or better after surgery
(7.46 degrees and 4.16 degrees respectively).
The calculations showed that there was a
significant difference (p = 0.01).

The hypothesis of this research
confirms that the posterior tibial slope changed
from the patient’s own, affecting the balance,
flexion and extension gap of the patient,
leading to the need to release the PCL due

to a problem with the flexion gap tightness.

Thus, in the pre-operative stage when
the surgeon measures the posterior tibial slope
and finds it necessary to cut the slope more than
7 degrees from the original position, the type
of prosthesis should be considered; because,
if using a CR prosthesis, it may necessitate
cutting the PCL or later changing the type of
prosthesis during surgery. However, note that
the weakness of this study is its retrospection
(though taking a patient to trial and cutting
the posterior tibial slope with various differing
degrees is unethical). Additionally, X-ray
measurements made by only one doctor may
result in errors in measurement. We solved this
problem by having a second doctor reevaluate
the accuracy of the measurements (without
knowing which patients are in which group to

reduce any bias).

Conclusion

Changes in the posterior tibial slope
affect the balance of the flexion gap and
knee flexion after surgery, in patients having
undergone cruciate retaining total knee
arthroplasty (CR-TKA).

The degree of pre-operative posterior
tibial slope is one important factor in choosing
the type of prosthesis, to reduce the problems
of not being able to balance the flexion and

extension gap during operation.
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