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Abstract

Purpose: Adequate ligament balance is important for long-term outcomes after Total Knee
Arthroplasty (TKA). We retrospectively evaluated preoperative factors and intraoperative
medial soft tissue release techniques that affected adequate ligament balance after TKA for
varus knee.

Method: One hundred knees with Osteoarthritis (OA) in women were included. X-rays were
taken preoperatively and postoperatively with varus and valgus stress in the extension and
flexion positions. Knees were postoperatively, classified as stable (n=49) or laxity (n=51).

Results: Factors associated with adequate ligament balance include joint inclination angle of
varus at extension, and superficial Medial Collateral Ligament (sMCL) release. Postoperative
ligament balance was significantly associated with preoperative joint inclination angle of varus
at extension of 7°.
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Conclusion: Preoperative lateral laxity in the extensor position under stress X-ray and SsMCL
release may affect postoperative ligament balance. A 7° preoperative lateral joint inclination
may be useful in predicting postoperative ligament balance.
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Introduction

Adequate ligament balance, defined as equal medial and lateral gaps during extension and
flexion, is important for long-term outcomes after Total Knee Arthroplasty (TKA) [1]. Despite
the recent development of various types of tensor devices, making it easier for the surgeon to
assess and adjust ligament balance intraoperatively, complete ligament balance is still difficult
to achieve [2]. Poor ligament balance can trigger instability of the knee joint and lead to various
complications, including polyethylene wear, aseptic loosening, and pain [3-5]. The main
factors associated with ligament balance include the preoperative condition of the knee and the
manner of intraoperative soft tissue release. For example, preoperative coronal deformity has
been reported to affect intraoperative ligament balance and intraoperative ligament balance has
been found to affect postoperative outcomes [6-8]. In addition, medial soft tissue release in
varus knees should be performed in stages to align with the lateral soft tissue. As varus
deformities become more advanced, so does lateral soft tissue laxity, making it difficult to
match the balance with the medial [9]. From experience, we know that a knee with severe
preoperative varus deformity is likely to have an increased amount of intraoperative medial
soft tissue release, resulting in poor intraoperative and postoperative ligament balance.
However, even with the same degree of preoperative varus deformity, there are cases where
postoperative ligament balance is adequate or poor. This may be due to differences in
preoperative laxity and stiffness. The effect of preoperative ligament balance, rather than
degree of preoperative deformity, on postoperative ligament balance is unclear and may be
more useful for prognosis than assessing deformity. Regarding soft tissue release and gap, there
are many evaluations comparing preoperative and intraoperative, and intraoperative and
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postoperative measures but few comparing preoperative and postoperative laxity by stress X-
ray [7,8].

This retrospective study evaluated preoperative factors including ligament balance and
intraoperative medial soft tissue release techniques that affected ligament balance after TKA
for varus knees in women.

Materials and Methods

Patients

One hundred knees of 85 female patients that underwent primary TKA at our hospital between
March 2014 and July 2017 were enrolled. All knees had OA and underwent posterior stabilized
(PS) type primary TKA. Male knees were excluded due to differences in knee joint laxity
between men and women [10]. Women with osteonecrosis, rheumatoid arthritis, or secondary
knee OA were also excluded. Knees of 3 patients with osteonecrosis, and 1 with secondary
knee OA were excluded for these reasons.

Varus knee was defined as a knee with preoperative femorotibial angle (FTA) >175°, which is
the lateral angle formed by the femoral and tibial anatomical axes (Fig. 1).

All TKAs were performed by two experienced orthopedic surgeons (YA and SN). There was
no difference in surgical technique, including medial release, between the two surgeons.

Surgical Technique

All patients were treated with a medial parapatellar approach and resections were performed
with a measured resection technique. Zimmer NexGen LPS Flex was used in all patients who
received PS-type implants. The medial soft tissue was released in stages, as described [11]. The
deep Medial Collateral Ligament (AMCL) was released. The osteophytes were resected, with
priority given to tibial coverage (Stage 1). The varus and valgus counterbalance in the extension
and flexion positions was measured during the implant trial, during which a 40 1b. Joint
distraction force was applied using a tensor to measure the inclination angle between the
components.

If varus inclination angle was greater than 5°, first the Semimembranosus (SM) tendon and
second the superficial Medial Collateral Ligament (SMCL) were further released (Stage 2).
Reduction osteotomy was not performed. Knees with dissection greater than pes anserinus (Pes
A) (Stage 3), as indicated by a constrained type implant, were excluded (Fig. 2).
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Preoperative and Postoperative Assessment of Knee Instability by X-ray

X-rays were taken preoperatively and at 3-weeks postoperatively, using Telos SE in the
extension position with 150 N of varus and valgus stress (Fig. 3) [12]. In the flexed position
(90°), the femoral epicondylar axis imaging method was used, and approximately 150 N of
varus and valgus stresses were applied manually with a 1.5 kg weight [13]. Preoperatively, the
joint inclination angle was defined as the angle between the tibial joint surface and the distal
femoral condyle in the extension position, and the angle between the tibial joint surface and
the posterior femoral condyle in the flexion position. Postoperatively, the inclination angle
between implants (implant inclination angle) was measured. Although some pain may be
present at 3-weeks postoperatively, patients with severe postoperative pain were given NSAIDs
medication or suppositories before stress X-ray examination to minimize the effect of pain as
much as possible. The joint inclination and implant inclination angles were defined as positive

when the lateral side was open.

Joint inclination angle. (a) Preoperative extension. (b) Preoperative 907 flexion
(¢) Postoperative extension. (d) Postoperative 90° flexion

Figure 1: Femorotibial angle. Femorotibial angle was defined as the lateral angle formed by
the femoral and tibial anatomical axes as shown.
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Stage 1 Stage 2 Stage 3

Stage 1: The dMCL was released. The osteophytes were resected
Stage 2: Fust the SM tendon, and second the sMCL were further released
Stage 3: Knees with dissection greater than pes A.

Figure 2: Medial soft tissue release. Stage 1: The dMCL was released. The osteophytes were
resected. Stage 2: First the SM tendon, and second the SsMCL were further released. Stage 3:
Knees with dissection greater than pes A.
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Joint inclination angle. (a) Preoperative extension. (b) Preoperative 90° flexion
(c) Postoperative extension. (d) Postoperative 90° flexion,

Figure 3: Joint inclination angle. (a) Preoperative extension. (b) Preoperative 90° flexion. (c)
Postoperative extension. (d) Postoperative 90° flexion.

Assessment of Ligament Balance

Balanced equilibrium was defined as a postoperative implant inclination angle within 5° for
both varus and valgus in extension and flexion [14]. Knees that satisfied all of the varus and
valgus positions were defined as stable and those that failed to satisfy one of the positions were
defined as laxity.

Statistical Analysis

All analyses were performed using EZR (Saitama Medical Center, Jichi Medical University),
a graphical user interface for R (The R Foundation for Statistical Computing, version 2.13.0),
with p-values <0.05 defined as statistically significant [8].

Statistical analyses were performed to assess correlations among: age, Body Mass Index
(BMI), FTA, intraoperative medial release (SM release, sSMCL release), Knee Society Score
(KSS), preoperative ROM (extension angle, flexion angle), preoperative joint inclination angle
by stress X-ray (varus at extension, valgus at extension, varus at flexion, and valgus at flexion).
Single and multiple regression analyses were performed.

Receiver Operating Characteristic (ROC) curves were analyzed to determine joint inclination
angle cut-off values and calculate their sensitivity, specificity, and the Area Under Curve
(AUC). The total sample size (N = 100) provided 0.825 power to detect a difference in joint
inclination angle of extension (degrees) between stable and laxity groups (o = 0.05, B = 0.20).

Results

Characteristics of the 85 included patients were shown in Table 1. Of the 100 knees, 49 were
defined as stable and 51 as laxity postoperatively (Table 2). There were 74 medial soft tissue
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releases in Stages 1 and 2, respectively, with 26 detachments of the semimenbranosus tendon
and further 14 of the sMCL. The relationship between preoperative joint inclination angle and
medial soft tissue release is shown (Table 3). There was no significant difference between
preoperative joint inclination angle and degree of medial soft tissue release. A postoperative
implant inclination angle >6° was observed in 28 knees with varus and 7 with valgus in the
extensor position, and in 26 with varus and 7 with valgus in the flexion position. sSMCL release
was required in 6 knees of varus at extension and 2 knees of valgus at extension, and 7 knees
of varus at flexion and 3 of valgus at flexion, in the four knee positions. Laxity was seen in all
four knee positions. Of the four knee positions, 18 knees had laxity at two positions but none
at three or more positions. The implant inclination angles at 3-weeks postoperatively are shown
in Table 4.

Single regression analysis revealed factors significantly influencing postoperative joint
stability included preoperative FTA (Odds Ratio [OR] 0.975; 95% confidence interval [CI]
0.957-0.993, p <0.01), joint inclination angle of varus at extension (OR 0.936; 95% CI 0.892-
0.982, p <0.01), and release of SMCL (OR 0.726; 95% CI 0.548-0.962, p =0.03) (Table 5).
Multiple regression analysis of factors with p-values <0.1 on single regression analysis
revealed joint inclination angle of varus at extension (OR 0.949; 95% CI 0.895-0.985, p =0.01)
and sMCL release (OR 0.793; 95% CI 0.564-0.9752, p =0.03) were independent predictors of
ligamentous balance (Table 6).

ROC curves were constructed to show the relationship between true positives and false
positives, using joint inclination angle of varus at extension to predict good postoperative
ligament balance. The angle cut-off values were determined to be 6 degrees, associated with
an AUC of 0.66 (95% CI 0.56-0.77) (Fig. 4). Fisher's exact test demonstrated a statistically
significant association between postoperative ligament balance and preoperative joint
inclination angle of varus at extension of 7° (p= 0.01) (Table 7).

| Threshold=? \

on oo o4
Specticay

Figure 4: ROC curves, showing a cut-off angle of 6 degrees associated with an AUC of 0.66
(95% confidence interval [CI] 0.56-0.77), a sensitivity of 47.1% and a specificity of 81.6%.
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Characteristics Patients

Demograpbec data

Sex male 0, fermale 35
ARe at surgery (years) 7SA L 61
Height [cm) 106X 59
Weight (kg) ST6 L 78

B (kg /mv) 54T 32

Al results are reported 35 mean = SD
Abbreviation: BMI, body mass Index

Table 1: Preoperative and intraoperative patient characteristics.

Stable knees Laxity knees
{n=49) (n=51)

Age (years) 749+ 5.9 759 + 6.4
BMI (kg/m?) 25.8 3.4 25.0 3.0
Preoperative FTA (%) 183.8 +4.0 186.6 *+6.0
Intraoperative SM release 9 17
Intraoperative sMCL release 3 11
Knee Society Score (KSS) 57.7 £ 13.1 55.3 + 15.2
Preoperative range of motion
Extension (%) -6.0 £5.9 -54 5.2
Flexion (°) 123.6 +15.0 126.9 + 11.4

Preoperative Jointinclination angle
Varus at extension (%) 59+ 1.8 6.9 +21
Valgus at extension (°) 02+ 16 04+ 19
Varus at 90° flexion (°) 54+ 2.1 6.0 4 2.2
Valgus at 90° flexion (°) 16+ 1.7 16+ 18

Abbreviations: BMI, body mass index; FTA, femorotibial angle; SM,
semimembranosus tendon; sMCL, superficial medial collateral ligament

Table 2: Characteristics of patients with postoperative stable and laxity knees.

Medial soft tissue release Stage1 Stage 2 (SM) Stage 2 (sMCL) pvalue

Preoperative Jointinclination angle

Varus at extension (%) 6420 6422 6.8 22 0.75
Valgus at extension (°) 02+18 02=%+19 03+14 0.52
Varus at 90° flexion (%) 56+20 56+16 59+28 0.93
Valgus at 90° flexion (°) 15+18 19+13 14+14 0.74

Table 3: Preoperative joint inclination angle in medial soft tissue release.
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Stable knees Laxity knees
(n=49) (n=51)

Postoperative implant

inclination angle
Varus at extension (%) 44 22 32%x13 54%x24 <0.01
Valgus at extension (°) 28+ 18 22 +14 -33+20 <0.01
Varus at 90° flexion {°) 3.6+ 26 23 %17 48 %28 <0.01
Valgus at 90° flexion (°) -18 + 2.2 -1.0+13 2527 <0.01

Table 4: Postoperative implant inclination angles at 3-weeks in stable and laxity knees.

Oddsratio  95%Cl p value

Age 0.993 0.977-1.010 0.41
BMI 1.020 0.989-1.053 0.20
Preoperative FTA 0.975 0.957-0.993 <0.01 »
ROM (extension) 0.995 0.977-1.013 0.57
(flexion) 0.995 0.988-1.003 0.22
Varus (extension) 0.936 0.892-0.982 <0.01 +
Valgus 1.046 0.989-1.106 0.12
Varus (at 90° flexion) 0.966 0.921-1.011 0.13
Valgus 0.998 0.942-1.059 0.96
Knee Score 1.003 0.996-1.010 0.40
Release of SM 0.823 0.667-1.031 0.09
Release of sSMCL 0.726 0.548-0.962 003 *

*p<0.05

Abbreviations: Cl, confidence interval; BMI, body mass index; FTA, femorotibial
angle; ROM, range of motion; SM, semimembrancsus; sMCL, superficial medial
collateral ligament

Table 5: Single linear regression analysis of factors influencing postoperative joint stability.

Odds ratio 95% CI p value

Femorotibial angle 0.987 0.967-1.007 0.21
Varus (extension) 0.949 0.895-0.985 0.01+
Release of SM 0.988 0.733-1.333 0.94
Release of sSMCL 0.793 0.564-0.975 0.03+

*p<0.05

Abbreviations: Cl, confidence interval; sSMCL, superficial medial
collateral ligament; SM, semimembranosus

Table 6: Multivariable regression analysis of factors influencing postoperative joint stability.

Varus at extension <7° 27

Stable knees (n=49) 33 16 p<0.01
Laxity knees (n=51) 20 31 Odds ratio=3.2

Table 7: Comparison between postoperative laxity and joint inclination angle.
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Discussion

This study demonstrated that pre-TKA preoperative lateral laxity in the extensor position and
intraoperative release of sSMCL were associated with imbalanced postoperative ligament
balance in varus OA knee.

Normal knees have a physiological lateral laxity of about 3-5° in the extension and flexion
positions [15,16]. Stress imaging in the extension position revealed varus was 8° and valgus
was 0° in OA knees with a mean FTA of 180°, whereas varus was 4° and valgus was 2° in
normal knees [17]. The lateral soft tissues are stretched as the deformity of the varus increases
the laxity of the knee, making the laxity different from normal. In this study, varus OA knees
had more lateral laxity than normal knees. Preoperative varus at extension was 5.9° in
postoperatively stable and 6.9° in postoperatively laxity knees, and the preoperative varus at
flexion was 5.4° in postoperatively stable and 6.0° postoperatively laxity knees. PS type TKA
for varus OA knees using the measured resection and gap techniques resulted in rectangular
gaps in 28.0% and 44.4% of knees, respectively [2]. In the present study, PS type TKA
performed on varus OA knees using the measured resection technique resulted in adequate
ligament balance in about half of the stable knees, similar to previous findings. In contrast, the
degree of preoperative varus was found to affect postoperative ligament balance. Preoperative
advanced varus deformity has been associated with intraoperative gap asymmetry, with these
knees being prone to residual intraoperative, immediately postoperative and postoperative
instability [6,18-21]. Instability with preoperative stress and large preoperative FTA have been
reported to increase intraoperative medial release, with instability with preoperative stress
being a stronger predictor of increased intraoperative medial release than preoperative FTA
[22,23]. Single regression analysis in the present study revealed joint inclination angle of varus
at extension and preoperative FTA were significantly greater in laxity than stable knees,
whereas multiple regression analysis revealed joint inclination angle of varus at extension was
the only significant factor. Thus, lateral laxity in the extensor position, as assessed by
preoperative stress X-ray, is associated with postoperative ligament imbalance. Furthermore,
this study found that a preoperative lateral joint inclination angle >7 degrees was unlikely to
result in adequate postoperative ligament balance. A lateral joint inclination angle of 7 degrees
in 150 N varus and valgus stress x-rays with Telos SE may be useful in predicting postoperative
ligament balance.

Soft tissue release is a surgical procedure that affects subsequent ligament balance. In varus
OA knee, the medial soft tissue does not contract and lateral soft tissue laxity increases as the
disease progresses [9,24,25]. Therefore, TKA of varus OA knee is performed in stages of
medial release to match the tense state of the relaxed lateral soft tissue. If the preoperative varus
deformity is severe, the amount of medial release must be increased; however, if this release is
excessive, laxity will occur and clinical outcomes will be poorer. Semimembranosus tendon is
one of the medial stabilizing structures, but semimenbranosus tendon release did not worsen
laxity in this study. In contrast, the sMCL, which is released during Stage 2 of Clayton's
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method, plays an important role in the medial stability of the knee joint, not only in the coronal
plane but in the sagittal and axial planes. When medial release under navigation using cadavers
was performed in stages, SMCL release resulted in excessive instability [26]. The present study
found the occurrence of SMCL release differed significantly in stable and laxity knees. Multiple
regression analysis revealed SMCL release was significantly associated with ligament balance
(p=0.03). In general, patients with severe preoperative varus may need sSMCL release, and it
was expected that patients with preoperative severe joint inclination angle would need sMCL
release. The results in Table 3 show no significant difference in the relationship between
preoperative joint inclination angle and medial soft tissue release. In this study, laxity was
observed at all four postoperative knee positions in patients who underwent sMCL release, and
in some cases, laxity occurred at two positions, indicating that SsMCL release affects both
postoperative varus and valgus laxity. SMCL is the most important medial stabilizing structure,
involved in about 60% of valgus from extension to flexion, and is reported to increase valgus
laxity due to release [27]. On the other hand, extensive medial release also increases the lateral
gap and affects varus laxity, although to a lesser amount than medial gap [28]. It has also been
pointed out that SMCL release may lead to a combined laxity pattern [27]. Therefore, it is
possible that SMCL release affects both varus and valgus postoperative ligament imbalance.

This study had several limitations. First, FTA and lower limb deformity may not coincide in
some knees. The joint inclination angle may be more advanced in knees with tibial medial
defects and depression. Second, tibial medial release volume was the only intraoperative factor
assessed in this study, making future studies necessary to clarify the elements of intraoperative
balance adjustment. Third, although the results of this analysis showed no significant difference
between preoperative inclination angle and sMCL release, SsMCL release is generally required
in patients with preoperative severe varus, and SMCL release may be necessary in patients with
preoperative severe joint inclination angle.

Conclusion

Preoperative lateral laxity in the extensor position and sMCL release may affect postoperative
ligament balance in OA knees undergoing TKA. A lateral joint inclination of 7 degrees on
preoperative varus at extension, as determined by stress imaging, may be useful in predicting
postoperative ligament balance.
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