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Abstract

Background: Few studies have examined flexion contracture attittme of primary total knee arthroplasty
(TKA) or how flexion contracture changes over tiriée purpose of this study was to assess the i#gpke of
extension immediately after TKA and to documenttppsrative changes in extension and clinical outem
over 5-year follow up.

Methods: This retrospective cohort study included 215 sasfeprimary TKA. Radiographic evaluations were
performed on sagittal radiographs with the patierthe supine position and the knee in gravity angdassive
extension using a stress device. Clinical outcowere also measured. Four groups were defined obatie of
the extension angle during radiological evaluati@noup 1, -10° to 0°; Group 2, >0° to +5°; Group>35° to
+10°; Group 4, >+10° in gravity.

Results: There were statistically significant differendespassive extension and gravity extension angies i
groups 1, 3, and 4 with time-dependent and timefgr{passive vs. gravity) analyses, but not in graduphe
flexion contracture angles over 10° in gravity wdeereased, although over 5° of flexion contracteraained
at the final follow-up. Clinical outcomes were welig groups 1 and 4 at the final follow-up.

Conclusion: An extension angle between 0° and 5° in the passktension position immediately after TKA can
be considered ideal at up to 5 years of follow-Bptients with flexion contracture greater thanrbpassive

extension and patients with hyperextension shoeltbbowed to assess whether the condition will seor.

Level of Evidence: LevelV
Key Words: Flexion contracture, Hyperextension &€AT Natural history of flexion contracture, Passive

extension of TKA, ldeal extension of TKA
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Introduction

The range of motion (ROM) obtained after total kae#hroplasty (TKA) is an important measure of
the success of the procedure. Postoperative fundiwd patient satisfaction are associated in pétth w
postoperative ROM. Two recognized complicationg KA are flexion contracture and hyperextension, aiahi
reduce ROM or stability and are a source of patiemtbidity.[1]

Flexion contracture prevents the knee from achg\inl extension. It is thought to result from
abnormalities in bony anatomy, as well as softigssontracture and tightness around the joint.[# ihcidence
of fixed flexion deformity after TKA has been reped to range from 8% to 17%. [3,4] In patients vilexion
contracture, a large amount of energy is needea fiftte quadriceps to help the knee bear load andirem
stable. [4] As a result, standing, walking, andirstdimbing are abnormally tiring, reducing overdhee
function.[4] Despite its high incidence, only a festudies have reported the natural history of @axi
contracture. In a study of 369 TKAs, Aderinto efdIshowed that knee extension continued to imerap to 3
years after TKA, but they did not report the fastthat led to improved flexion contracture. Quatalef6]
reported that flexion contracture less than 15°iggrove up to 2 years after TKA. Nonetheless,dhsrstill no
consensus about the ideal degree of extensionglaudrgery to achieve appropriate extension atvielip, and
little is known about the natural history of flerigontracture.

Hyperextension is an unusual problem after TKA bigeait is associated with valgus deformities and
ligamentous laxity in patients with rheumatoid attl (RA), with previous high tibial osteotomy (D), and
with neuromuscular disorders such as poliomyd®jg,7] According to Shultz SJ et al [8], hyperexdi®n
deformity in the normal knee was associated witlerelgsed work absorption and stiffness, resulting in
increased contact force and posterior capsulatylakdiowever, few studies have focused on the rélenee
extension after TKA due to the rarity of the commtit[1,9-11] Therefore, the incidence of hyperegten and
functional acceptability has not been well docuredntSiddiqui et al[11] presented a grading system f
hyperextension and identified postoperative metkodd laxity as a risk factor for hyperextensioteaflf KA.

The purpose of this study was to determine thel idegree of extension after primary TKA and to
identify postoperative changes in extension andicai outcomes at a minimum of 5 years of follow Wge
hypothesized that fixed flexion contracture ovemifuld be associated with worse clinical outconwes.also

investigated the factors that cause unacceptalperbaxtension or flexion contracture in terms ofcfiion.

Materials and Methods

This was a retrospective study that was performedpgectively and approved by the institutional
review board of our institute. Patients who werbestuled for primary TKA were enrolled after provigi
informed consent. From December 2009 to Decembgt,2be senior author performed TKA on 368 primary
patients using the NexGen LPS-flex system. The simfucriteria were degenerative knee arthritis, afsgpinal

anesthesia which could be prolonged anesthesiassidter surgery to exclude neuromuscular effethe
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exclusion criteria were as follows: bone graft doesevere deformity or bone defect, rheumatoidritigh
previous spinal surgery that could affect the assesits, revision surgery, varus/valgus deformigatgr than
20°, BMI over 30 kg/my and other neuromuscular disease. After applyiegé inclusion and exclusion criteria,
215 primary TKAs in 186 patients (35 males and fesfiales) were included, comprising 29 patientskia&es)
with bilateral TKA and the same type of prosthesis both sides. Preoperative demographic data are
summarized in Table 1.

Each knee was rated with the Knee Society KneeeS(KEKS), Knee Society Functional Score
(KSFS), and the Hospital for Special Surgery (HS8)ring systems. Moreover, the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAGealth status questionnaire was performed by each
patient. The active maximal flexion and extensiaglas were measured using a goniometer with themian
the supine position. Goniometers are commonly usedmeasure ROM and have good to excellent
reproducibility [12,13].

The primary TKAs were performed using a conventideahnique with a tourniquet applied [14].
After an anterior midline skin incision, a standamkdial parapatellar arthrotomy was performed. An
intramedullary guide was used for the femur, whifeextramedullary guide was used for tibia resacfithe
depth for distal femoral resection started at 9 roat,greater resection was performed when flexmmtracture
remained, even though all soft tissue balancinglbaom# resection were completed. The depth for tésaction
was around 10 mm, using the highest point of therdd tibia plateau as a reference point. After the
anteroposterior (AP) cut was completed with a fexhoutting block guide, the flexion gap was meadurethe
flexion gap was larger than the extension gapfehgoral block was set 2 mm posterior to its inipalsition.
The medial and lateral flexion gap differences wareepted at less than 2 mm according to a larsip@ader
for gap measurement. The PCL was resected, anpatieia was resurfaced in all cases. All prosthesa®

fixed with cement.

Radiologic Evaluations

Radiographic evaluations were performed routindigrasurgery; at 3 months, 6 months, and 1 year
after surgery; and annually thereafter. For theittsdgradiographs, the proximal tibial and dista&nforal
diaphyseal axis, defined as the line connectingntidpoints of the outer cortical diameter at 5 amd 45 cm
proximal to the joint line, was used for measurthg sagittal extension angle. It remains contrgakess to
which point or axis reveals the true mechanicaé axi ROM; the diaphyseal axis used in this study lrigh
reproducibility and allows an easy technique.[15-18

Moreover, specialized radiographic evaluations weeeformed on sagittal radiographs with the
patient in the supine position and the knee inityaand in passive extension immediately after stygand
during the follow-up period to assess the changbendegree of flexion contracture. The sagittdlagraph in
the gravity position was obtained on the usualr#dteadiograph with the patient lying in the suppasition.
The sagittal radiograph in passive extension waaildd using a Telos® device (Telos GmbH® Laubscher

Holstein, Switzerland) at 150 N with the patierintyin a slightly lateral position (Fig. 1a,b). Trediographs
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immediately after surgery were performed after stosure while the patient remained under spinaktresia
in order to reduce error caused by pain or swellM@ hypothesized that the passive extension ahgitt
radiograph represented the true extension degreeopotential for further extension, so we asskste
relationship to final flexion contracture. The pargtr tibial slope angle, femoral component sabjasition,
and the change in the joint line level were alsseased. The joint line level was defined as thedég from the
distal femoral condyle to the tibial tuberosity the lateral radiograph [19]. The change in postecandylar
offset [3] was evaluated by determining the differe between pre- and postoperative values (Figs).2a

Four groups were defined on the basis of the sdgitttension angle in gravity immediately after
TKA: Group 1, -10° to 0° (hyperextension); Group>P; to +5°; Group 3, >+5° to +10°, Group 4, >+10°.

Statistical Analysis

Statistical analyses were conducted with SPSS fioidwws version 19.0 (SPSS, Chicago, IL, USA)
and G*power analysis (version 3.1.5). The primanjcome measure for this study was the differenaméan
extension angle during follow-up for each groupcalsulated with repeated measures ANOVA (RM ANOVA)
We acceptedr error of 5% and error of 20% to detect any significant differenge. calculate the post hoc
sample size for each group, groups 1, 3, and 4 weatuated because a significant difference wasdou
between these groups when using RM ANOVA and withibject tests, but no differences were found for
group 2. Based on this calculation, the requiredpda size for group 1 was 40 with 0.5586411 of effeze
and 0.237851283 of eta squared value. The regsaetple size for group 3 was 48 with 0.5179652 fifoef
size and 0.2115355 of eta squared value. The edjsample size for group 4 was 20 with 0.882195dffett
size and 0.43765513 of eta squared value.

Differences in patient demographics among the ggowere analyzed with chi-square test for
categorical variables and one-way ANOVA for conting variables in order to identify predictors ftwet
occurrence of flexion contracture or hyperextensMultivariate regression analysis was performediemntify
factors that affect the change of degree by passitension force immediately after surgery and #ftect the
improvement of the degree of flexion contracturéhi@ gravity position in groups 3 and 4. Moreoyaired t-
test and one-way ANOVA were used to compare valmesediately after surgery and during the follow-up
period. Time-dependent data were analyzed with RNOXA, and post-hoc comparisons between the mean
extension angles of all pairs of points in time evperformed. Bonferroni adjustments, includingpairwise
comparisons within a specific model, were appliedptvalues to account for multiple testing. Statist
significance was set at p < 0.05. The reliabilifymeeasurements was assessed with the intraclasdatam
coefficient (ICC), which quantifies the proportiofi the variance due to variability between measemms A
test-retest for intraobserver reliability was penfed by each orthopedic surgeon 3 weeks after itise f

measurement, and the intraclass correlation caefievas determined (ICC).

Results
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Radiographic Analysis

The overall time-dependent mean values of the teagiktension angle are summarized in Table 2.
The RM ANOVA analysis revealed statistically sigeéint differences in passive extension and gravity
extension angles in groups 1, 3, and 4 with timgededent and time*group (passive vs. gravity) arey® <
0.001). (Fig. 3a, b, c, d) However, these angldsndi differ significantly in group 2 according fiM ANOVA
with time-dependent and time*group (passive vsvitya analysis (p = 0.683/ 0.830, Greenhouse-Geisse
method).

The mean sagittal extension angle was significadifferent between gravity and passive extension
immediately after surgery in all groups; howevbese differences were not significant after 1 yefaollow-
up. Moreover, the groups that showed flexion cartne greater than 5° in gravity had significartBcreased
angles at 1 year. However, the angle in passivensidn in groups 2, 3, and 4 did not differ sigrifitly during
follow-up, while group 1 showed a decreased hygeresion angle in passive extension. (Table 2)

For the hyperextension group, the mean sagitt@nsion angle was significantly different between
gravity and passive extension immediately aftegery. However, at 1 year after surgery, the meajittah
extension angle in gravity and passive extensiah riit differ significantly; moreover, the mean stdi
extension angle in passive extension was signifigdawer 1 year after surgery than during the indiage
postoperative period. For patients with hyperextenstheir operated limbs remained in hyperextemsio
regardless of the position at final follow-up, etbough a decreased value of extension was foUadbl€ 2)

The results of the other specialized radiographiglyses are summarized in Table 3. All of these
values and preoperative demographics were evalidatdtieir effects on postoperative flexion conttaie and
hyperextension by entering in a stepwise multigigression analysis. The change in posterior conayfaet
value predicted the change in degree of passivansixin force immediately after surgery (adjustéeR.251,
intercept = -2.243, B = -0.521, SE(B) = 0.825 -0.501, p < 0.0005). Moreover, the overall craimgthe value
of the posterior condylar offset was negativelyretated with the change in the value of the degfesxtension
by passive extension force immediately after syrg®earson correlation coefficient, r = -0.501, [©.€01)
(Fig. 4). These results indicate that the decregmesierior condylar offset values could affect tresterior
capsular tension immediately after surgery, chantie flexion contracture angle due to stress force

The mean difference between the sagittal extensiogle in gravity and passive extension
immediately after surgery, preoperative demograptaad the other values summarized in Table 3 eetered
to stepwise multiple regression analysis to evaltla¢ factors associated with improved flexion casture in
gravity for groups 3 and 4. The mean differenc@assive extension force immediately after surgeag the
only factor that explained the resolved value ekitbn contracture in the gravity position, but thastor had
weak predictive value (adjusted R 0.021, intercept = -3.848, B = -0.324, SE(B).203,8 = -0.185, p = 0.01).

The ICC for inter- and intra-observer reliabilityagvgreater than 0.7, ranging from 0.79 to 0.91afor

measurements, indicating good inter-observer riéitiab

Clinical Analysis
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The overall clinical results are summarized in €abl The preoperative clinical results did noteiff
significantly among groups. The final clinical ré&sualso did not differ significantly among groupsith the
exception of the KSKS and KSFS scores (Table 4¢.firfal KSKS scores differed significantly betwegoups
2 and 1 (p = 0.033) and between groups 2 and 4q®£9). There were no significant differences agntite
other groups. The final KSFS scores also differetivben groups 2 and 1 (p = 0.036) but did not diffe
significantly among any other groups (Table 5).

The overall time-dependent mean values of the K&K& KSFS scores are summarized in Table 5.
The RM ANOVA analysis revealed that KSKS and KSESrss changed significantly over time in all graups
(p < 0.001) (Fig. 5a,b). The mean KSFS score iugré improved after surgery, but started to deeredss
years after surgery (p = 0.038, compared the samfr8syears and 5 years). The mean KSKS scoresoumpgd
also improved after surgery and decreased at 5 yafter surgery, although not significantly. TheamdSFS
score in group 1 improved after surgery and deeckas 5 years after surgery compared with the scare®
years after surgery (p = 0.036), although thereewer significant differences between the scorésyatars and
5 years. There were no differences in the mean K&tBes during follow-up in group 1. There werecases

of revision during the study.

Discussion

The most important finding of this study was ttedter 5 years of follow-up, the patients with flei
contracture less than 10° immediately after surgetie gravity position obtained the appropriateeasion of
less than 5° in both the gravity and passive extengositions. Furthermore, even though flexiontcacture
was over 10° in the gravity position immediatelieasurgery, it improved during follow-up. The ahge value
of passive extension immediately after surgery @aeflect the final extension status because ntisttal
differences were found between the angles of flexiontracture in gravity and passive extensionndufollow-
up. Moreover, the range of 0° to 5° in passive ®esiten immediately after surgery can be considehnedideal
degree of extension to predict the final extensingle up to 5 years after surgery because all sixterangles
remained within 5°. Moreover, hyperextension péesisluring follow-up, with decreased clinical outtes.

Postoperative flexion contracture can lead to mtiaical outcomes by altering the biomechanics and
load bearing of the knee [4]. Although the succedte of TKA is high, full extension is not consistiy
achieved during the operation. Flexion contractimenediately after TKA is usually caused by pain and
effusion [20,21] and is known to resolve with tinkém et al.[22] investigated extrinsic and intringactors for
flexion contracture after TKA and found that artfiivoosis due to postoperative scarring was a compause
of unresolved flexion contracture [22,23]. Althougfre deleterious effects of flexion contracture el
documented, there is debate about their resolati@n time and the need for surgical interventiorrébver,
there is still no consensus on which angle is rapgropriate immediately after surgery to attait éxtension
at final follow-up. It has been commonly believdthtt a flexion contracture in the arthritic knee tmhbe

completely corrected during surgery, and that a&idle contracture that is present at the end ofaperative
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procedure is unlikely to resolve [4,24]. Howevelydses have shown that knees with a small preoperat
flexion contracture can show increased flexion defty after surgery but improvement during folloyp:uhose
with more severe degrees of preoperative flexiontragture gained immediate improvement [3]. A samil
pattern has been observed in relation to the flexkimge after TKA[2,11,25].

Our findings indicate a tendency for flexion cowotrae in the gravity position to improve up to five
years after surgery, consistent with the findingsAderinto et al [5] and McPherson et al[2]. Moreovour
findings suggest that flexion contracture over B°piassive extension could be a risk factor for amgo
postoperative flexion contracture. Meanwhile, dodiings are inconsistent with some previous stufigs 12].
Previous knee extension data have shown that patidth large flexion contractures preoperativelg anore
likely to experience a flexion contracture postapieely. They also identified sex and older ageisis factors
and quantified the risk in each case. In the ctrstudy, these variables were not identified als fagstors for
postoperative flexion contracture in multiple reggien analysis. Because the preoperative degrdlexidén
contracture was relatively small and did not diffenong the groups, the importance of that factoicchave
been underestimated in our statistical analysisti@nother hand, the absolute angle in the passitension
position immediately after surgery could prediat thalues of those angles at final follow-up. Thisams that
there could be misdiagnosis about flexion contr&cin the gravity position immediately after surganstead,
the angle in the passive extension radiograph coaldsed. Our data suggest that the ideal angheipassive
extension position immediately after surgery isngetn 0° to 5°.

Interestingly, our findings suggest that patientthwnitial hyperextension in the gravity and passi
extension positions will remain in hyperextensioh fmal follow-up. Unlike postoperative flexion,
hyperextension after TKA has not been well studtady special conditions for difficult TKA have bestudied
[1,8-11]. In a prospective study of 2,589 convemtio TKAS, Siddiqui et al.[11] reported the incidenof
postoperative hyperextension over 5° to be 4.6%yTreported that patients with hyperextension atofiths
were 6.5 times more likely to have hyperextensib@ gears, and patients with a postoperative Méatiexal
laxity greater than 5 mm were more likely to haypdrextension greater than 5°. Reduced functiontmioes
were associated with increased hyperextension ehfpigreater than 5° in that study. In our study®% of
patients (7/215) had hyperextension over 5° atl fiobow-up, but the incidence of residual hypeendgion
between 0° to 5° was 12.6% (27/215). Nine case® wet measured as hyperextension at final follow-up
However, predictors of hyperextension were not &im regression analysis. Perhaps this occurredtdue
measurement error from the radiographs and gonemmiet which the cases between 0° to 5° might raaieh
been considered as real hyperextension with thegwter. However, the clinical outcomes as meashyeithe
KSFS decreased during follow-up, and the KSKS scarere also lower than those in the ideal extengioop,
group 2. Moreover, 79.1% (34/43) of patients witfpérextension continued to have hyperextensionnduri
follow-up. Thus, we believe that hyperextensiopiimary TKA should be avoided. Further study witloager
follow-up is needed to confirm this result.

A decreased value of condylar offset of the posteamoral condyle compared with the preoperative

value was a factor for changing the degree by passitension force immediately after surgery. Mitsu et
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al.[26] found that an enlarged posterior femoramponent reduces the extension gap, suggestingttibat
posterior femoral condylar offset might cause aictidn in the extension gap due to posterior tiggglgness.
Since the overall changed value of the posteriodygtar offset was negatively correlated with therngped
degree by passive extension force and was anabzedfactor of change by passive extension forastepor
capsular laxity might be a cause of hyperextensmonediately after surgery. However, in this stualgecrease
in hyperextension deformity during follow-up couté associated with healing potential of posterapsular
laxity, regardless of whether the posterior condgféset was decreased or not.

The final KSKS scores were lower in the hyperextamgroup (Group 1) and the severe flexion
contracture group (Group 4) compared with the idgedénsion group (Group 2). In addition, the fik&8FS
scores in the hyperextension group were lower thase of the ideal extension group at final follap{Table
5). In the time-dependent analysis and post holysisaduring follow-up in each group, the KSFS ssowere
also decreased in the hyperextension and sevexmrfleontracture groups. Because clinical outcorass
measured with the KSS score started to decreame3aftears, and significant differences were foanl years
after surgery in the hyperextension and severedifegontracture groups, close follow-up should befgrmed
in such patients, although other scores did nohghaignificantly over time. Moreover, although teedency
for patients to remain in hyperextension or sevi@gion contracture decreased somewhat over timés i
possible that the clinical outcomes could worseth @&ilonger follow-up.

This study had a number of limitations. First, @hecuracy of measurements was controversial.
Measurement of the diaphyseal axis used in thidysias high reproducibility and involves an eashtéque,
but it remains controversial whether this axis angbrrelates with true ROM. Many studies have mesku
ROM with a goniometer and confirmed its usefuln@®s13,15]; however, there is still no standarchteque or
standard point to measure ROM on radiologic filnonktheless, since previous studies have shown no or
minimal differences among the sagittal axis of theéiograph [16,17,27], the diaphyseal axis was dgethis
study. Second, the study population was relatigahall because many groups were investigated althtug
power of the study was achieved. Moreover, the ystpopulation included typical cases of TKA because
patients with a larger BMI were excluded. Othettdag could affect hyperextension or flexion contwae, such
as a larger BMI, gender, or bilaterality, but thésetors might be statistically underestimatedun study due to
the small number of patients in each group. Moreathere could be ethnic differences in laxity tffrsess
after TKA, so long-term follow-up and a larger cahsize should be planned to evaluate changesekiofh
contracture or hyperextension. Finally, the spéexddl radiographic evaluation of laxity of the po&iestructure
was not obtained preoperatively. Further studydsded to evaluate the preoperative status of tkeeipor

structure and its association with the improvenoériilexion contracture or hyperextension.

Conclusion

An extension angle between 0° to 5° in passiversib® immediately after TKA can be considered

the actual degree of extension that will be achdeseer up to 5 years of follow-up. Patients witbexibn

9



285 contracture greater than 5° in passive extensiomyperextension should be cautiously followed ttedaine

286 whether the condition will worsen.
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Table 1. Demographic data of each groups.(Me&tandard Deviation)

Group 1 Group 2 Group 3 Group 4 P-vdlue
Cases 43 97 53 22 -
Age (year) 68.8 £ 6.7 67.8+7.3 70.3+11.9 6985 0.38
Gender(Male/Fe 5/33 18/67 8/33 4/18 0.078
male)
BMI(Kg/m?) 252+48 251+3.6 26.5+5.3 26.3+5.1 0.24
Average Follow- 63.8+£25 63.2+3.9 64.0+3.8 64.9+23 0.176
up (months)
Preoperative Clinical Data
Flexion 7.6°+6.5 79°+7.8 7.8°+8.9 8.9°+90.6 0.939
contracture
Further Flexion 122.7°+9.1 124.7° +18.0 121.5r5+8 122.1°+18.5 0.666
Mechanical axis 14.3°+£5.7 13.6°+9.3 13.2°49.5 14.5°+10.2 0.906
deviation (Varus)

KSS score

KSKS 51.6 +13.7 52.3+15.1 51.7+15.9 51.3 612. 0.987
KSFS 447 +15.1 41.3+124 42.6 +13.2 40.3 817. 0.515
HSS score(Total) 57.4+95 56.5 + 15.6 534+125 53.6+221 0.458
WOMAC score 33.5+6.8 38.8+14.6 38.3+13.8 39.0+17.3 0.16

(Total)




ACCEPTED MANUSCRIPT



Table 2. Radiologic data for neutral extension passive extension (MeanStandard Deviation)

Initial POD 1Y POD 2Y POD 3Y POD 5Y
Gravity | passive| Gravity | passive| Gravity | passive| Gravity | passive| Gravity | passive P-
extensi | extensi | extensi| extensi| extensi| extensi| extensi | extensi| extensi| extensi| Value
on on on on on on on on on on w
i i i i i i i i i i <0.000
Grou [} o, (<} [} [} o, [} [} o, o, 5/
1 2.9°+2. | 6.8°+£3. | 3.0°+2. | 3.9°+2. | 2.8°+2. | 3.8°+2. | 2.5°+3. | 3.7°t4. | 2.7°+3. | 4.1°3. <0.000
P 3 8 2 5 6 7 7 7 8 9 5
P-
Value <0.0005 0.08 0.084 0.192 0.1
Grou | 2.2°+1. | 1.4°4#2. | 2.2°+3. | 1.4°+3. | 2.0°+2. | 1.3°+2. | 2.1°4#3. | 1.3°+3. | 1.9°+3. | 1.3°+3. | 0.683/
p2 5 4 1 4 9 7 1 5 1 2 0.830
P-
Value
q 0.006 0.09 0.08 0.09 0.186
o o, o, o o o, o o o, o, <0-OOO
Grou | 7.3°t1. | 3.6°+2. | 4.9°t5. | 3.2°t5. | 3.7°+4. | 2.8°43. | 3.7°+£3. | 2.9°t4. | 3.3°+3. | 2.6°+4. 5/
p3 6 3 5 8 1 5 6 2 4 5 0.007
P-
Value <0.0005 0.125 0.227 0.294 0.368
<0.000
Grou | 13.5°43 | 8.4°+3. | 8.0°t1. | 7.4°+2. | 7.5°+2. | 7.3°+1. | 7.7°+£3. | 7.3°%3. | 7.5°+3. | 7.2°%3. 5/
p4 5 1 5 1 2 9 5 1 0 0 <0.000
5
P-
Value <0.0005 0.282 0.749 0.69 0.74

1 P-value : For gravity and passive extension irhgmiod.

11 P-value : For RM ANOVA (Time/Time*Group)




Table 3. Specialized postoperative radiographia ¢ldieant Standard Deviation)

Change

(initial Condylar off set| Tibial Joint line Femoral Preop Flexion

Group . . component

gravity to change(mm) slope Elevation(mm) ; o Contracture

- sagittal position

passive)

Group
1 -3.8°+2.8 2.611.9 5.7°+1.4 2.315.1 1.3°+1.9 7.6%6.

Grg“p -0.8°+2.0 -0.1#2.1 5.7°41.5 2.4£3.1 1.5°41.8 708
Grg“p -3.7°+1.7 1.442.9 5.9°41 .4 2.142.7 1.8°+1.6 7.5%8.
Grj“p -5.1°+2.8 2.741.9 5.3°40.8 2.244.8 2.1°41.9 8.9%9.
Overall | -2.5°+2.7 0.52+2.6 5.8°t1.4 2.3£3.4 1.8°+2.8 7.9°3




Table 4.Clinical outcomes for Each Groups at fiolbw up (Mean+ Standard Deviation)

Group | Preop Preop Postop Postop Preop Postop Preop Postop
KSKS | KSFS KSKS KSFS HSS HSS WOMAC | WOMAC
Group | 51.6+ | 44.7+ | o9 4191% | 84.4+12.0% °74% | 87.9+142| 335+6.8 @ 11.746.9
1 13.7 15.1 9.5
Group | 52.3+ | 413% | g5 gia5+ | 01.048.6% 0 | 03.1+412.8| 38.8+ 14.6 9.845.6
2 15.1 12.4 15.6
Group | 51.7+ | 426 | 939,99 | 8824117 °34F | 90.7+12.4| 38.3+ 13.8| 10.245.6
3 15.9 13.2 12.5
Group | 51.3% | 403% | ggoiq33¢| 8474112 930% | 8544134 300+ 17.3 | 12.243.9
4 12.6 17.8 22.1
P_
valug | 0987 | 0515 <0.0005%  <0.0005%  0.458 0.057 0.169 140

f P-value for one-way ANOVA

1Al groups were statistically different in pairedetst for preoperative and postoperative values.




Table 5. KSKS and KSFS scores at Each Follow-upBefmean+ standard deviation)

Initial POD 1Y POD 2Y POD 3Y POD 5Y
Group 1| 51.6 +13.7 93.7+#5.8 92.9+7.3 91.0£7.9 9.1+
Group2 | 52.3 £15.] 96.9+3.0* 95.3+4.3 95.3+4.6* L 5+
KSKS
Group 3| 51.7+15.9 95.7+4.4 95.9+3.8 94.1+6.6 £23.9
Group 4| 51.3+12.¢ 92.9+7.7* 93.6+4.6 91.9+4.5* .B83.3**
P-valué 0.987/ NC| 0.023/0.032¢f 0.09/NC 0.033/0.036* <0.5/M0033*/0.019**
Group 1| 44.7+15.1 88.3+6.6 89.2+6.47 88.5+6.4 4842 .0*
Group2 | 41.3+124 93.2+4.9 93.6+4.57 92.445.2 938.8*
KSFS
Group 3| 42.6+13.2 90.1+9.9 90.5%7.2 90.1+8.0 88127
Group 4| 40.3+17.§ 89.4+4.9 90.8+4.7 89.9+5.4 81172
P-valué 0.515/ NC 0.052/ NC| 0.039/0.025%* 0.134/ NC <0.000m36*

fP-value : value for One-way ANOVA for each penadiie for post hoc analysis between marked groaps*
each period
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Figure Legends

Fig.1. The sagittal diaphyseal axis angle was measured for extension angle in gravity and passive extension
position. a) extension angle in gravity b) extension angle in passive extension positioin

Fig.2. The posterior condylar offset change was defined as change of preoperative and postoperative distance
from posterior cortical margin of femur to posterior condylar articulation. @) Preoperative condylar off set
distance. b) Postoperative condylar off set distance.

Fig. 3 The time dependent data of extension angles @) The degree of hyperextension in passive extension
position was decreased. b) The degree of flexion contracture was not changed during follow up. ¢) The degree of
flexion contracture in gravity was decreased, but the degree of flexion contracture in passive extension position
was not changed during follow up. d) The degree of flexion contracture in gravity was also decreased, and the
degree of flexion contracture in passive extension position was also not changed during follow up.

Fig.4. Overal correlation of the changing value of posterior condylar offset distance and changing degree of
extension by passive extension force. (r=-0.501, p<0.001)

Fig. 5 The overall time-dependent mean values of the KSKS and KSFS scores were shown. a) The time-
dependent KSKS scores were shown. The KSKS scoresin group 4 started to decrease after 5 years of follow up.
b) The time-dependent KSK'S scores were shown. The KSFS scores in group 1 also started to decrease at 5

years.



