254

Original Article J Korean Orthop Assoc 2019; 54: 254-260 e https://doi.org/10.4055/jkoa.2019.54.3.254 www.jkoa.org

pISSN : 1226-2102, elSSN : 2005-8918

Relationship between Knee Function at 1 Year Postoperation
and Gap Difference (90" Flexion Gap—Extension Gap)
in Total Knee Replacement

Myung-Rae Cho, M.D., Jung-Suk Do, M.D., Kyung-Tae Kim, M.D., and Won-Kee Choi, M.D.

Department of Orthopaedic Surgery, Daegu Catholic University Medical Center, Daegu, Korea

Purpose: To evaluate the relationship between the knee function at 1 year postoperation and the gap difference (30 flexion gap—extension
gap) in total knee replacement.

Materials and Methods: Eighty-two consecutive osteoarthritis knees that underwent primary total knee replacement using navigation
from March 2017 June 2017 were evaluated prospectively. The gap was measured using navigation after reducing the patella with towel
clips. After checking the average values of the medial and lateral gaps at extension and 90° flexion knee, the gap difference (90" flexion
gap—extension gap) was calculated. The knees were divided into three groups according to the gap difference (gap difference<0 mm,
0 mm<gap difference<2 mm, 2 mm<gap difference). The Knee Society score (KSS) and maximal knee flexion were compared at 1 year
postoperation among three groups.

Results: The numbers of knees according to groups were 37, 29, and 16 knees in regular order. The average of the KSS knee, KSS function,
and maximal knee flexion at the 1-year follow-up were 81.21+8.31, 71.34+9.84, and 126.48°+7.28°, respectively. No statistically significant
difference in KSS was observed among the 3 groups. The third group (2 mm<gap difference) showed a larger maximal knee flexion than the
other groups in the Mann—Whitney test.

Conclusion: The group of total knee replacement (2 mm<90° flexion gap—extension gap) showed larger maximal knee flexion than the
other groups at the 1-year follow-up in statistics.
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Table 1. Patients™ Demographic Details

Variable Value

Sex

Male 8

Female 59
Age (yr) 70.17+5.87
Direction

Right 40

Left 42
Body mass index (kg/m?) 24.27
Preoperation HKA (°) 168.77+6.14
Preoperation KSS knee 38.41
Preoperation KSS function 25.89
Preoperation knee maximal flexion angle (°) 138.78+5.75

Values are presented as number only, mean+standard deviation, and
mean only. “Total 67 persons (82 knees). HKA, hip knee ankle; KSS,
Knee Society score.
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Figure 1. To obtain post total knee arthroplasty status gap, gap after
patella reduction was measured using towel clips.
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Table 2. Gaps Displaced on Navigation after Mounting the Implant

Medial gaps of extension 12.85+1.89
Lateral gaps of extension 13.18+1.78
Difference gaps of extension (lateral gaps—medial gap)  0.32+1.13
Average gaps of extension 13.02+1.74
Medial gaps of flexion (90°) 13.52+2.16
Lateral gap of flexion (90°) 13.17+2.18
Difference gaps of flexion (90°) (lateral gaps—medial gap) -0.34+0.87
Average gaps of flexion (90°) 13.35+2.13
Difference gaps between extension and flexion 0.32+2.09

Values are presented as meanzstandard deviation.

= T 197 =2 2U A ufHT-S A A3 0] F continous passive
motiong ARESHY] B8 52 Aot 52| o] o

olifo] Erhel BEA|ERsHE A 2st T,

AT o =3 A1) iS5} 59| 1H4& S5 tHFig. 2.

O] 244 o] Ftat o =3 A2 S} 9
ot o]0 == A9 2+ -4l
. ZHA 2po] <0 mm, 0 mm<7H4 zfo] <2
2 mm<7H Zpo|E 242} 19, 24, 3708 Ueo] A4S
g5t ARSE WEl Aol 05 mm Tl & 7H4S e

820 2] =0 tsto] & 4 Knee Society score (KSS)E- KSS knee
2} KSS functionZ o] A5kt & & 194 2JefolA &

AP rotation
1.5%i

Flexion
0.5°

AP rotation
1.0°%i

Figure 2. Soft tissue release and extension-
flexion gaps were controlled by viewing the
navigation screen displacing the extension
and flexion gaps. AP, anteroposterior.
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Figure 3. Distribution of the gap differences (90" flexion gap—extension
gap).
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Table 4. Comparison of the Knee Maximal Flexion Degrees at 1 Year

3! 7:5:} Postoperation between the Groups according to X (90° Flexion Gap—
Extension Gap, mm)
ST A Aghks Al A AL 90 F 7HA 9 Aol o Group | Group 2 p-value
Holo] ofste] EAHS 4= Qo A AT distal femur cutting X<0 0<X<2 0.14
depth, posterior cruciate ligament sacrificing, femoral malrotation, X<0 2<X <0.001
over—rtesection of the femoral condyle S¢] Y¢lo] & 4= gjc}” & 0<X<2 2<X 0.01
Table 3. Knee Function according to X (90° Flexion Gap—Extension Gap, mm) after 1 Year Postoperation
Variable X<0 0<X<2 2<X p-value
No. of subject 37 29 16
KSS knee 79.84+8.22 83.03+7.46 81.06+9.81 0.25
KSS function 71.35+10.31 71.38+8.54 71.25+11.47 0.92
Maximal knee flexion (°) 124.86+6.71 127.07+4.91 129.13+10.87 <0.001
Values are presented as number only or mean=standard deviation. KSS, Knee Society score.
Table 5. Comparison of the Preoperation Variables among the Groups according to X (90° Flexion Gap—Extension Gap, mm)
Variables X<0 0<X<2 2<X p-value
No. of subject 37 29 16
Age (yn) 69.43+1.06 69.62+0.89 72.88+1.46 0.12
Body mass index (kg/m?) 23.82+2.32 24.23+3.12 25.43+3.23 0.36
Preoperation HKA angle (°) 138.65+1.29 138.45+0.56 139.69+0.85 0.94
Preoperation KSS knee 37.92+12.5 39.14+11.23 38.23+10.43 0.65
Preoperation KSS function 26.32+8.42 25.35+£5.12 25.89+7.12 0.63
Preoperation maximal knee flexion (°) 138.65+1.29 138.45+0.56 139.69+0.85 0.08

Values are presented as number only or mean=standard deviation. HKA, hip knee ankle; KSS, Knee Society score.



258

Myung—Rae Cho, et al,

o] Ao A1 A9l ZHA E T} 2 mm o)/ & -G

(1, 230l vlste] 2o 75 2% =7t $AH 22 {25t
Al Ath= Foltt ohX| Tk KSS+= thE o] H[sto] SAIH &
IRt Aol 5 HolA]| Tt ZF wtol| WhE A & =23 2
= 24z} 12486° +6.71°, 12707° +£491°, 129.13° +10.87° 2 KSSo|
A 5 A= GYolA TRl 125°F 1o M = o FE gk
Z517] ghizoll KSS7F the o] v]oke] HojR|A] b= Aoz Ay
ZIE T,

1‘& A= E 7HA 2] Al ZRAIAL QATh BA, 8200|9] S
A ghzo] 29 9] EAt= OfsfiAf o] Fo| A A 2%l oFh
2po|7h ek 4= ek =4, S A X|ghs o] % R
=5 Helol 9F= vlAl= 24w US> oStk 19
Al 8.1 (confounding variable)ol 2]t A3} 2Fo] 7t
ST 2L Ul 4 Qe 24 S HiEAQ]
AT 2% A0 2dolug oo E & T 55

G ol diste] AF-E Algstaiet. AA], 7+ 2]
T2 ARt o] F WAoo Jste] S E Z o2 A
LHH]AIOVﬂ A 0] @27 A 4 Qi & Aol A AREE
5 WA 0149 ver. 1.69] |t @ah= +3°02 A A QIcHY
U, A Aol ATk At HigAF 7 Hof AuE dutst
Sh7]oll= ol 3fgof Utk

oAl Tk

o
s

s

L

o}

=20

mﬁ i)

N

|

E19N ey

Z
S
2= eoa

%E}

7ol

4>

=

lo

<
=
7

_Il)l<

4

=

Al 907 B35 Al9] 2Fo] A1 Al2] 1HA T2
oAl The 2ol Hlstel & % 1dAle] Ao 25
2t BAIE 0 2 folahA =9tk

51
-

CONFLICTS OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. Griffin FM, Insall JN, Scuderi GR. Accuracy of soft tis-
sue balancing in total knee arthroplasty. ] Arthroplasty.
2000;15:970-3.

2. Jawhar A, Hutter K, Scharf HP. Outcome in total knee ar-
throplasty with a medial-lateral balanced versus unbalanced
gap. ] Orthop Surg (Hong Kong). 2016;24:298-301.

3. Gustke KA, Golladay GJ, Roche MW, Elson LC, Anderson
CR. A new method for defining balance: promising short-
term clinical outcomes of sensor-guided TKA. J Arthroplasty.
2014;29:955-60.

10.

11.

12.

13.

15.

16.

Lee DH, Shin YS, Jeon JH, Suh DW, Han SB. Flexion and ex-
tension gaps created by the navigation-assisted gap technique
show small acceptable mismatches and close mutual correla-
tions. Knee Surg Sports Traumatol Arthrosc. 2014;22:1793-8.
Matsui Y, Nakagawa S, Minoda Y, Mizokawa S, Tokuhara Y,
Kadoya Y. Joint gap measurement in total knee arthroplasty
using a tensor device with the same articulating surface as
the prosthesis. Arch Orthop Trauma Surg. 2014;134:699-705.
Seon JK, Song EK, Park SJ, Lee DS. The use of navigation to
obtain rectangular flexion and extension gaps during pri-
mary total knee arthroplasty and midterm clinical results. ]
Arthroplasty. 2011;26:582-90.

Baldini A, Scuderi GR, Aglietti P, Chalnick D, Insall JN. Flex-
ion-extension gap changes during total knee arthroplasty: ef-
fect of posterior cruciate ligament and posterior osteophytes
removal. ] Knee Surg. 2004;17:69-72.

Ismailidis P, Kuster MS, Jost B, Giesinger K, Behrend H. Clin-
ical outcome of increased flexion gap after total knee arthro-
plasty. Can controlled gap imbalance improve knee flexion?
Knee Surg Sports Traumatol Arthrosc. 2017;25:1705-11.
Jeffcote B, Nicholls R, Schirm A, Kuster MS. The variation in
medial and lateral collateral ligament strain and tibiofemoral
forces following changes in the flexion and extension gaps in
total knee replacement. A laboratory experiment using ca-
daver knees. ] Bone Joint Surg Br. 2007;89:1528-33.

Kadoya Y, Kobayashi A, Komatsu T, Nakagawa S, Yamano
Y. Effects of posterior cruciate ligament resection on the ti-
biofemoral joint gap. Clin Orthop Relat Res. 2001;391:210-7.
Romero J, Stahelin T, Binkert C, Pfirrmann C, Hodler J, Kes-
sler O. The clinical consequences of flexion gap asymmetry
in total knee arthroplasty. ] Arthroplasty. 2007;22:235-40.
Viskontas DG, Skrinskas TV, Johnson JA, King GJ, Wine-
maker MJ, Chess DG. Computer-assisted gap equalization in
total knee arthroplasty. ] Arthroplasty. 2007;22:334-42.

In Y, Kim §J, Kim JM, Woo YK, Choi NY, Kang JW. Agree-
ments between different methods of gap balance estimation
in cruciate-retaining total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc. 2009;17:60-4.

Winemaker M]J. Perfect balance in total knee arthroplasty:
the elusive compromise. ] Arthroplasty. 2002;17:2-10.
Yagishita K, Muneta T, Ikeda H. Step-by-step measurements
of soft tissue balancing during total knee arthroplasty for pa-
tients with varus knees. ] Arthroplasty. 2003;18:313-20.
Lampe E, Marques CJ, Fiedler E, Sufi-Siavach A, Matziolis



259

17.

18.

19.

Relationship between Knee Function at 1 Year Postoperation and Gap Difference

G. Do well-balanced primary TKA patients achieve better
outcomes within the first year after surgery? Orthopedics.
2016;39:56-12.

Gejo R, Morita Y, Matsushita I, Sugimori K, Kimura T. Joint
gap changes with patellar tendon strain and patellar position
during TKA. Clin Orthop Relat Res. 2008;466:946-51.
Lombardi AV Jr, Mallory TH, Vaughn BK, et al. Dislocation
following primary posterior-stabilized total knee arthroplas-
ty. ] Arthroplasty. 1993;8:633-9.

Matsumoto T, Mizuno K, Muratsu H, et al. Influence of

20.

intra-operative joint gap on post-operative flexion angle in
osteoarthritis patients undergoing posterior-stabilized total
knee arthroplasty. Knee Surg Sports Traumatol Arthrosc.
2007;15:1013-8.

van der Linden-van der Zwaag HM, Valstar ER, van der Mo-
len AJ, Nelissen RG. Transepicondylar axis accuracy in com-
puter assisted knee surgery: a comparison of the CT-based
measured axis versus the CAS-determined axis. Comput
Aided Surg. 2008;13:200-6.



260 pISSN : 1226-2102, elSSN : 2005-8918

Original Article J Korean Orthop Assoc 2019; 54: 254-260 e https://doi.org/10.4055/jkoa.2019.54.3.254 www.jkoa.org

Sx{: 530 A A3k A, 90° 233k AL Ale) 2 (gap) Aolet & 5 1)) S 7 )5te) BAlE obk wt shict,
Citad S ;20174 385 637 FREY TS DO R Slo] AE il Alo) i o} 84 Ax|ekae] A4l 8200 o

| =3

AFH oot 24 42 Uil dE ol8219lom, S/l towel clip& o-85fo] =2t ofF- 1H4e =
1 AJO) ISt} 25 7EA 2] sttt 90° =t Al) UiSat 915 1A 9f sBatghs 1k o] 11 2jo] (000 = Al 1E
A 72 ARISIACE 7F Xo] <0 mm, 0 mm<7F %0 <2mm, 2 mm<7H Ao|S 217k 15, 2, S0 U0k
1A, Knee Society score (KSS)2F @17] 522 2ol =% 2525 S43h o5, 24 i 71 ghe wlas|oict,

mf: 7k #jole] ol wheh Uz 2] o= 15to] 379, 2:te] 299, 3ol 169030tk & - 1] KSS kneei= Bt 81.21+
8.31, KSS function 71.349,84, T1e]al F50] el 24t 7= 126,48°+£7.28° %Itk 714 AJolof whE 11 50 KSSe g2
BAH o= o5t 2jol7} YIGIh Mann—Whitney testS o83 = o 7] H]mollA 2 mm< 7H o] S Holi= 37to] 174 27
of Hjsto] FAH & FofslA| T 2] 5% F= 2m=E Wik,
BE S A Agha A, 900 E= Al9] ZHAo] 413 A1) TFARE 2 mm o 7ol ThE ol visle] & - 1dn)e] X
= = At EAR 0= frolshA| w3k

~ 0
N
>~

]

oX oX
it
8
>
ol
=
5o}
¢

B

2
NS

Wy
or

=
ro

El-o.l :

>

nivSiPS| i|§F%, 1+ ==

= — [E )

T 20185 78 282 £HU 20184 9Z 262 AIRHEFEY 2018 9 27
SRQURI} /217 |

42472 CHEA| 7t SRS 174 33, Y S cetu R Hade(at

TEL 053-650—-4277, FAX 053—652—-4272, E-mail cwk1009@hanmail.net, ORCID https: //orcid.org/0000—0002—-4671-5656

EH?_PS%S’-E@EIII . X‘Il 54;".;I X‘“ 3= 2019 Copyright © 2019 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”


mailto:cwk1009@hanmail.net

