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We aimed to investigate the effect of the knee position during the surgical closure on
isokinetic muscle strength, clinical score, and range of motion in total knee arthroplasty.
Seventy-five eligible patients were enrolled in the study and randomly divided into two
groups; wound closure was performed with the knee flexed at 90° in group 1 and knee
extended in group 2. All the surgeries were performed by the same surgeon and by the
same prosthesis type. All the patients received the same rehabilitation program post-
operatively. The primary outcomes were the knee flexion degrees and the American Knee
Society Score values at preoperative and postoperative 6 weeks, 3, and 6 months.
The secondary outcome was the isokinetic muscle strength measurements of both knees
before the surgery and after 6 months. There were no significant differences in the
American Knee Society Scores and knee flexion degrees between the flexion and extension
groups. However, a significant decrease was found in the extensor muscle strength in the
extension group after 6 months of the surgery. The findings of our study are that the closing
of the knee in flexion or extension does not affect the postoperative knee flexion degrees
and scores in total knee arthroplasty. However, quadriceps strength recovers early if the
knee closure is performed in flexion position.

Total knee arthroplasty (TKA) is the most commonly used
arthroplasty procedure in orthopedic practice' and provides
pain relief, restores anatomic alignment and functional range
of motion (ROM), and allows returning to daily activity of the
patient who suffers from severe knee osteoarthritis. Func-
tional outcome following TKA is influenced by several fac-
tors,>~* including age, obesity, smoking, diabetes, etiology of
knee osteoarthritis (posttraumatic, metabolic, and endocrine
diseases), patient selection, preoperative ROM, implant design,
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soft tissue balance, surgical technique and skill, postoperative
rehabilitation, and pain management, among others.”™ Stu-
dies evaluating the effect of soft tissue closing at different
angles of the knee on the clinical outcomes after TKA are
limited.'®"® Early studies showed the benefits of closing the
TKA in flexion position.'®'? They mentioned that closing in
flexion position reduces soft tissue tension and improves
patient comfort and postoperative ROM. But recent studies
have shown that closing the knee at 90° flexion position does
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not significantly influence postoperative ROM and clinical
outcome.'>'>1° There is only one study comparing the knee
closure at 90° flexion and extension position regarding iso-
kinetic muscle strengths.'> They concluded that closing the
knee at 90° flexion position improved flexor muscle strength
but had no influence on postoperative ROM and clinical scores.
Therefore, our study aimed to evaluate if closing the knee in
flexion or extension has any impact on postoperative ROM,
clinical scores, and isokinetic muscle strength following TKA.
The hypothesis was that closing the knee in flexed or extended
position does not make a significant difference in these three
parameters.

Materials and Methods

This study was a double-blinded, prospective, and rando-
mized clinical trial performed after our hospital ethical
committee approval. Patients with grade 3 and 4 unilateral
knee osteoarthritis based on the Kellgren and Lawrence
classification system were included in the study.'” All
patients underwent primary TKA by a blinded expert sur-
geon. Exclusion criteria were bilateral osteoarthritis, prior
knee trauma or surgery, knees with preoperative flexion
contracture greater than 30°, preoperative flexion less than
90°, varus or valgus deformity exceeding 15°, inflammatory
arthritis, and neuromuscular diseases.

Surgical closing and rehabilitation
All surgical procedures were performed under spinal or
general anesthesia using a pneumatic tourniquet. With the
knee flexed to 90° anterior midline skin incision was
utilized, and after passing the subcutaneous fat, a medial
parapatellar approach was used for arthrotomy. Soft tissue
release was performed from proximal tibia and patella is
everted and dislocated laterally with the full knee exten-
sion. intramedullary guides were utilized both on the
femoral and tibial side. After ensuring ligamentous balance
following proper soft tissue release, and gap-balance tech-
nique with the femoral and tibial cuts, definitive implants
were cemented. We used a posterior cruciate ligament
substituting cemented total knee prosthesis (Vanguard
ROCC, Biomet Inc., Warsaw, IN) without patellar resurfacing.
After cement hardening, the tourniquet was deflated and
bleeding foci were cauterized. A suction drain was placed,
and wound closure was performed with the knee flexed at
90° in group 1 and knee extended in group 2. In both
groups, layers were repaired using 1 Vicryl for the joint
capsule, 2-0 Vicryl for subcutaneous tissue, and a stapler
for skin closure.

All patients underwent the same postoperative phy-
siotherapy protocol. On the day following surgery, drainage
tube was removed, bedside exercises (quadriceps sets,
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straight leg raises, ankle pumps, posterior knee stretch,
seated self-assisted knee flexion/extension) were started,
and a continuous passive motion (CPM) device was applied
at 0° to 90° flexion. Patients were encouraged to stand and do
protected weight-bearing walk with a walker device. On the
postoperative day 2 to 5, CPM range was increased to 0° to
120° flexion. Patients continued to regain at least 90° of
active and passive ROM in the knee and were allowed to walk,
stair climb, and descend using an assistive device. On the
postoperative day 5 to 7, patients were discharged to home
with continued therapy. Outpatient therapy program was
implemented based on each individual patient’s needs.
Therapeutic exercises included lower extremity strengthen-
ing and stretching exercises. The goal of knee ROM was 0° to
110° within 6 weeks.

Clinical Outcomes

All patients were evaluated by a blinded clinical investigator
preoperatively and postoperative at 6 weeks, and 3 and
6 months with the American Knee Society Score (AKSS),
and knee flexion degrees using a goniometer.18 AKSS was
recorded in two parts as knee score and functional score.

Isokinetic Muscle Strength Test

The isokinetic muscle strength testing was performed on a
Biodex Multi Joint System 3 Pro computerized dynam-
ometer device (Biodex Medical Systems, Shirley, NY)."”
Muscle testing was performed at preoperatively and post-
operative month 6. The patients were tested in a seated
position. The trunk and thighs were stabilized with straps.
Before the performance, all subjects completed 10 times of
knee flexion/extension practice to warm up. All patients
were provided same vocal encouragement for maximal
effort. The flexor and extensor muscle strength of both
knees at angular velocities of 60°/sec (5 repetitions) and
180°/sec (20 repetitions) were measured by the same
blinded physiatrist. There were 30-second resting intervals
between the tests. The peak torque (PT) and total work (TW)
values were measured and recorded in the flexor and
extensor muscle groups for each velocity. PT difference
(PTD) and TW difference (TWD) were used to compare
operated and nonoperated knees (~Figs. 1 and 2).'>

Randomization

Study randomization plan is generated using an online software
program  (http://www.graphpad.com/quickcalcs/index.cfm)
which has been used for other clinical trials in the literature.?®

Statistical Analysis

The G power 3.1 statistical analysis program (Erdfelder, Faul,
& Buchner, Diisseldorf, Germany) was used to compute the
study power. The allocation ratio, a error probability, effect

Peak Torque operated knee ~ Peak Torque non-operated knee

Difference (PTD) =

X 100

Peak Torque non-operated knee

Fig. 1 Calculation of peak torque difference.
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Total Work operated knee — Total Work non-operated knee

Difference (TWD) =

X 100

Total Work non-operated knee

Fig. 2 Calculation of total work difference.

size d value, and power of the study were 1, 0.05, 0.6, and 0.8,
respectively. The required sample size for each group was 36;
thus, 37 patients in group 1 and 38 patients in group 2 were
included in our study.

The statistical analysis was performed using the SPSS
(version 20.0 for Mac, Armonk, NY) software. Qualitative
data were compared using the chi-square test. The distribu-
tion between the groups was assessed by the Kolmogorov-
Smirnov test. Quantitative variables did not follow a normal
distribution. Hence, Mann-Whitney U-test was used to
compare the independent variables, and Wilcoxon test was
used to compare the related variables. The significance level
adopted was p < 0.05.

Results

Group 1 (flexion group) consisted of 37 patients (15 males,
22 females) with a mean age of 62.8 years (range: 51-77) and
group 2 (extension group) consisted of 38 patients (13 males,

25 females) with a mean age of 63.4 years (range: 54-79).
The flow diagram of the patients is shown in =Fig. 3.

There were no significant differences found between the
flexion and extension group at preoperative and postopera-
tive week 6 and 3 and 6 months in the knee score and
function score (~Table 1).

Closing the knee in 90° flexion or extension did not
significantly change the knee flexion ROM in the postopera-
tive period. The summary of ROM results between the groups
is given in =Table 1.

For the 180°/sec, the mean extensor muscle strength
values significantly decreased at postoperative 6 months in
the extension group, whereas it strokes to preoperative level
at postoperative 6 months in the flexion group (~Table 2).

Discussion

There are several parameters that affect clinical outcomes
after TKA. These can be classified as preoperative,

Fig. 3 Flow diagram of the participants.
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Table 1 Summary of the American Knee Society Score (AKSS) and knee flexion degree results in the flexion and extension groups

Follow-up AKSS ROM (degree, °)
Knee score p-Value | Function score p-Value p-Value
FG | EG FG | EG FG | EG
Preoperative 423 +£6.2/43.6 6.6 | 0.588 471 £5.7[47.2 £ 4.3 | 0.950 108.2 + 6.8/ 106.6 6.9 | 0.286
Postoperative | 53 +6.8/54.9 £6.3 0.147 52.7 £4/52.6 +4.1 0.856 113.2 +£6.6/111.4+£ 6.8 | 0.239
6 wk
Postoperative | 63.9 & 5.7 /62.6 £ 5.3 | 0.216 61.9 £53/61 +5.1 0.460 113 +£4.1/112.3 £ 4.8 0.581
3 mo
Postoperative | 72.7 £ 7.5/73.0 £ 5.9 | 0.949 785 +£7.1/75.8+8 0.149 114.8 £4.5/1155 4+ 5.2 | 0.514
6 mo

Abbreviations: EG, extension group; FG, flexion group; ROM, range of motion.

intraoperative, and postoperative factors. Preoperative fac-
tors include age, obesity, smoking, diabetes, etiology,
patient selection, and preoperative ROM.®7-? Intraopera-
tive parameters include implant design, soft tissue balance,
surgical technique, and skill. Postoperative factors include
postoperative rehabilitation, pain management, and
arthrofibrosis.>>”8 The role of knee position during sur-
gical closing, one of the intraoperative factors, is still
controversial.""'® King et al mentioned that closing the
knee in 120° flexion prevents extensor mechanism over-
tension and leads to increased postoperative ROM.'? In a
prospective study, Emerson et al found significantly
quicker ROM recovery and less physical therapy require-
ments in the flexion group with a 1-year follow-up.'%'"
Wang et al conducted a similar study, but they marked the
articular capsule incision using a suture to avoid wound
misalignment while closing the knee. They found that the
knee ROM was significantly higher and the visual analogue
scale pain score of the anterior knee was significantly
lower in the 90° flexion repaired group at 6 weeks and
3 months postoperatively. However, no significant differ-
ences were found at 6 months postoperatively.'® Masri
et al found that the knee position during surgical closing
does not affect postoperative ROM, Knee Society Score, and
rate of complications.'* Short-term follow-up, low flexion
angle (60°), the use of two different types of prosthesis,
and the performance of three different surgeons was the
weakness of their study.

Recent randomized clinical trials have shown that post-
operative ROM and clinical scores are not affected by the
knee position during the surgical closure.'>'> Motififard et al
reported no differences between the flexion and extension
groups after a 12-month follow-up of 85 patients and
suggested that the surgical closure angle should be chosen
according to the surgeon’s preference.' Similar to recent
studies, our study showed that postoperative ROM and Knee
Society Scores were not affected by closing the knee in
flexion or extension.

Komdircii et al conducted the first study to investigate
the effect of knee closure in flexion or extension on
isokinetic muscle strength on 29 patients.'> They found a
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significant difference in the PTD and TWD values of the
flexor muscles for 180°/sec between the flexion and exten-
sion groups and concluded that closing the knee in 90°
flexion improves flexor muscle strength. However, no
significant differences were found in the postoperative
ROM and AKSS values between the groups. This study
also had some limitations; small sample size, short-term
follow-up, and the lack of preoperative isokinetic muscle
strength measurements. In our study, preoperative and
postoperative isokinetic muscle strength scores were eval-
uated and no significant differences found in the PTD and
TWD values. In the PTD and TWD calculations, patient-
related factors are neutralized using the normal contral-
ateral knee. However, Farquhar et al mentioned that after
unilateral TKA, uninvolved knee worsened, so the use of
nonoperated knee as a healthy group may underestimate
study standardization.?’

Quadriceps strength decreases maximally at 3 months
following TKA, and reaches the preoperative level at 6 months,
and maintains the preoperative status at postoperative year
1.22 In this study, we found a significant decrease in extensor
muscle strength at postoperative 6 months compared with
preoperative status in the extension group. No such difference
was found in the flexion group.

A limitation of our study is the relatively short follow-up.
Second, we evaluated only 90° of flexion. Intermediate
angles (30°, 45°, 60°) were not used. Another possible
weakness of our study may be the limited inclusion criteria
such as lack of some patient factors (smoking, diabetes) that
affect the outcome of TKA.

In this study, we used CPM to encourage patients’ early
knee motions. There are conflicting results in the literature
regarding the use of CPM following TKA.2> While the early
studies advocated the CPM,%4~2° the recent studies found a
little or no value in the rehabilitation of the knee following
TKA.?”-?8 Despite these controversies, CPM is still used for
rehabilitation in some clinics.?®

Another controversial situation is the use of suction
drainage following TKA. There are many studies comparing
the drainage and nondrainage methods.>%3" In our study,
we used a suction drain because of the advantage'-3? of



Table 2 Summary of the isokinetic muscle strength results
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Flexion group Extension group p-Value
Preoperative Postoperative 6 mo Preoperative Postoperative 6 mo

Flexor muscle strength at

60°/s angular velocity

Peak torque (N/m) 40.2 £ 18.1 37.1 + 20.1 321 +7.9 299 + 8.2 0.101°
0.108°
0.697¢

Total work (joule) 37.4+19.3 35.0 + 20.8 29.5 +£9.3 279 £9.2 0.100°
0.053°
0.990¢

Peak torque difference (PTD) -16.9 + 37.8 -30.7 £ 23.6 0.436

Total work difference (TWD) -253 £ 327 -37.8 £32.9 0.284

Extensor muscle strength at

60°/s angular velocity

Peak torque (N/m) 51.1 £18.9 51.6 £ 17.2 52.6 £ 4.3 52.2 £ 3.2 0.677°
0.717°
0.912¢

Total work (joule) 55.3 + 19.1 547 £17.2 62.3 £11.3 62.8 £9.7 0.686°
0.716°
0.370°

Peak torque difference (PTD) -25.7 £ 233 -225+ 164 0.697

Total work difference (TWD) -30.1 £ 20.2 -24 + 20.2 0.770

Flexor muscle strength at

180°/s angular velocity

Peak torque (N/m) 254 £ 153 244 £15.5 17.9 £ 6.9 153 £ 7.42 0.156°
0.114°
0.205¢

Total work (joule) 22.4 +14.9 21.4 +15.3 14.6 £ 9.5 15.6 £ 11.0 0.170°
0.450°
0.697¢

Peak torque difference (PTD) -21.6 £ 52.5 -46.5 + 34.8 0.559

Total work difference (TWD) -9.8 £ 704 -52.5 + 30.1 0.242

Extensor muscle strength at

180°/s angular velocity

Peak torque (N/m) 345 + 8.2 35.1 £ 10.5 40.9 £ 3.5 38.5+4.14 0.697°
0.048°
0.770¢

Total work (joule) 358 + 13 36.0 + 14.6 49.8 + 13 46.8 +12.2 0.841°
0.011°
0.119¢

Peak torque difference (PTD) -25.7 £ 203 -19.2 £ 12.2 0.561

Total work difference (TWD) -31.9 £ 28.7 -19.5 £ 23.1 0.381

Note: The boldfaced p-Values indicate statistical significance.

*Wilcoxon test between preoperative and postoperative at 6 months in the flexion group.
bWilcoxon test between preoperative and postoperative at 6 months in the extension group.
“‘Mann-Whitney U-test between the flexion and extension group at postoperative 6 months.

reducing postoperative fluid collection. However, higher
blood transfusion rates, increased postoperative blood loss,
higher infection risk, and longer hospital stays were
reported by using suction drainage.33>~3> Recently pub-
lished studies showed using suction drain have no addi-
tional benefit in terms of patient outcome following
TKA.31-36

Conclusion

Based on the results of our study, the position of the knee
during surgical closure in TKA does not affect the post-
operative ROM and AKSS values. However, the quadriceps
strength recovered in the flexed closure earlier than in
extended position.
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