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CLINICAL ARTICLE

Posteromedial Corner Release with the Knee
in Figure-of-Four Position vs Conventional
Position for Varus Knee Arthroplasty

Quan-bo Ji, MD", Jun-cheng Li, MB', Qing-yuan Zheng, MS', Zong-jie Geng, MB, Ming Ni, PhD, Jing-yang Sun, MS,
Yan Wang, MD, Guo-qiang Zhang, MD

Department of Orthopaedics, General Hospital of Chinese People’s Liberation Army, Beijing, China

Objective: To introduce posteromedial corner release with the knee in the figure-of-four position versus the
conventional position for varus knee arthroplasty.

Methods: This is a retrospective study. From March 2015 to September 2019, a series of 123 patients
(139 knees) with varus knee were randomly and blindly allocated to experimental group (60 patients; 68 knees)
and control group (57 patients; 65 knees). Patients in experimental group underwent posteromedial corner
release with the knee in the figure-of-four position; and patients in control group with the knee in the conven-
tional position. If soft tissue balance was not completely achieved or the medial gap was still tight, an addi-
tional loosening technique were used to achieve symmetric medial and lateral space in both groups. Time for
soft tissue balancing was defined as the time from the start of the spacer test to the end of the balance test.
Length of release was defined as the distance from the osteotomy surface of the tibial plateau to the farthest
structures released. The rating system of Hospital for Special Surgery (HSS) knee score was used to evaluate
the clinical results. Quantitative variables were described as mean and standard deviation, and compared by
one-way analysis of variance.

Results: The mean age of experimental group and control group was 70.2 + 8.7 years and 68.7 + 6.2 years,
respectively (P > 0.05). Preoperatively, the mean HSS score of the groups was 38.2 + 11.3 and 39.1 + 10.7,
respectively (P> 0.05). The mean varus knee angle was 19.7° £9.3° and 19.3° + 10.7°, respectively
(P > 0.05). The mean time for soft tissue balancing was 8.4 + 3.3 min and 11.3 + 6.9 min in experimental and
control group, respectively (P <0.05). The mean length of releasing posteromedial corner structures was
35.5+13.4mm and 27.3 £ 9.7 mm in experimental and control group, respectively (P < 0.05). Additional spe-
cial loosening techniques were performed in eight knees in experimental group and seven knees in control
group. The HSS scores 5 years after surgery were 95.1 + 16.9 and 94.8 £+ 17.2 respectively (P> 0.05). No
complications were found during the follow-up time, and the clinical symptoms were observed to be significantly
improved in the patients.

Conclusion: The posteromedial corner can be released more extensively and thoroughly when the knee is placed in
the figure-of-four position during varus knee arthroplasty.
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Introduction

otal knee arthroplasty (TKA) has been frequently per-

formed for severe degenerative arthritis in senior
patients’. It can reduce pain and reconstruct function in
osteoarthritic patients. The medial compartment is the most
commonly affected compartment and is often accompanied
with varus knee deformity in this patient population,®™.
TKA can be challenging in these knees with varus deformity
as it is typically followed by progressively contracted medial
soft tissues and attenuated lateral soft tissues. So ligament
balance is been considered essential to the success of
TKA™ °.

Obtaining the balance of mediolateral (ML) ligamentous
structures during TKA requires release of contracted medial
soft tissues and removal of medial osteophytes. A widely tech-
nique which applied to correct varus knee deformity is a step-
by-step release of contracted medial soft tissues from their
attachment sites until appropriate medial-lateral soft tissue ten-
sion is achieved. In patients who are presenting with severe
varus knee deformity, an extensive medial release is almost
always required, which including progressive release of the deep
medial collateral ligament (MCL), superficial MCL, post-
eromedial capsule, semimembranosus tendon, and pes ten-
dons® * 7 8 This technique, however, has a risk of over-release
leading to subsequent ML instability, which can in return
require a thicker polyethylene insert or even a constrained
implant®™".

The conventional ligament balancing procedure
involves removal of degenerative osteophytes and release of
the contracted medial soft tissue at the tibial attachment site
to obtain symmetrical medial-lateral tension in extension
and flexion of the knee'’, A review study'> questioned the
need for an epicondylar osteotomy in severely varus knees.
With this technique, the knee can become more unstable in
flexion and an implant with higher constraint may be neces-
sary. A previous study'* found the piecrusting technique was
safe, efficient, and reliable for the soft tissue balancing in
varus TKA. However, a cadaver study'> considered the suc-
cess of the MCL pie-crusting technique is likely technique
dependent since failure occurs within the ligament itself. A
new-published article'® also found that the pie-crusting tech-
nique has a higher rate of failure in the ML gap balance
compared with reduction osteotomy.

The concept of constitutionally varus alignment that
restores pre-arthritic natural anatomical alignment is emerg-
ing in recent years'’. During TKA, the medial release tech-
nique consists release of the capsule and deep medial
collateral ligament, selective release of superficial medial col-
lateral ligament or posterior oblique ligament, and selective
tibial reduction osteotomy. The most widely used release
technique is the soft tissue sleeve of tibia, which is proposed
by Insall et al.'® and popularized by Whiteside et al.”. The
proximal medial tibia is exposed when the knee is fully
flexed and externally rotated, but it is difficult to expose the
posteromedial corner structures. It is also difficult to release
the structures fully. In order to obtain a good alignment and

F1GURE-OF-FOUR PosITION FOR KNEE ARTHROPLASTY

balancing in flexion and extension, we placed the knee in the
figure-of-four position to achieve an easier way of post-
eromedial corner release.

The first objective of this prospective report is to intro-
duce the posteromedial corner release with the knee in the
figure-of-four position for varus knee arthroplasty. The sec-
ond objective of this study is to assess effectiveness and
safety of the “figure-of-four” technique. The third objective
of this study is to compare the posteromedial corner release
with the knee in the conventional position.

Materials and Methods

Patient Demographics

From March 2015 to September 2019, 527 consecutive
patients were selected and examined in our department were
screened for research. The institutional review boards of the
participating hospitals reviewed the study and approved the
protocol. Informed consent was obtained from each patient.
Our criteria for eligibility included: (i) adult patients;
(i) severe (stage 4 osteoarthritis) knee joint osteoarthritis
confirmed on X-ray, CT, or MRI; (iii) needed a primary knee
replacement surgery or knee arthroplasty; (iv) a fixed valgus
knee >10°; and (v) unilateral or bilateral involvement. Exclu-
sion criteria were: (i) stage 0 to 3 osteoarthritis; (ii) revision
knee arthroplasty; (iii) active local or widespread infection;
(iv) medical conditions that put the patient at high risks of
complications; (v) discontinued intervention; (vi) severe dis-
ease affecting peripheral blood vessels or nerves; and
(vii) lost to follow-up.

A total of 123 patients (139 knees) were randomly and
blindly allocated into experimental group (60 patients;
68 knees) and control group (57 patients; 65 knees) using a
computational pseudorandom number generator (Fig. 1).
One surgeon who did not attended the assessments and
treatments generated the random allocation. All operations
were performed by the same surgical team. Implants were
selected preoperatively based on radiological and clinical
evaluations, but the final decision was made after osteotomy
and soft tissue balancing.

Surgical Technique

Step I: Under general anesthesia, the patients were placed in
the prone position. The location of the skin incision was
marked.

Step 2: Operations were performed through the
anteriomedian incision of the knee and the lateral para-
condylar approach'®. We exposed the medial aspect of the
knee by subperiosteally elevating the anteromedial capsule.
The anterior and posterior cruciate ligaments, residual
meniscus and osteophytes were removed, and the medial col-
lateral ligament of deep layer was released.

Step 3: Using the measured resection technique, we
performed the osteotomy followed by the sequence of tibia
osteotomy and femur osteotomy. We performed the tibial
osteotomy with extramedullary alignment technique, and the
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Enrollment
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Consort Flow Diagram

Assessed for eligiblility (123 patients; 139 knees)

Excluded (6 patients; 6 knees)
Infection (2 patients; 2 knees)

Medical conditions (3 patients; 3 knees)

Affecting blood vessels ( 1 patient; 1 knee)

Randomized (n=117 patients; 133 knees)

!

Allocated to intervention (60 patients; 68 knees)
Received allocated intervention (60 patients; 68 knees)
Did not received allocated intervention (0 patient; 0 knee)

Allocated to intervention (57 patients; 65 knees)
Received allocated intervention (57 patients; 65 knees)
Did not received allocated intervention (0 patient; 0 knee )

Lost to follow-up (2 patients; 2 knees)
Discontinued intervention (0 patient; 0 knee )

Lost to follow-up (1 patients; 2 knees)
Discontinued intervention (0 patient; 0 knee )

Fig 1 The consort flow diagram of
123 patients (139 knees).

[Analysis ] [Follow—up] Allocation

Analyzed (58 patients; 66 knees)
Excluded from analysis (0 patient; 0 knee)

Analyzed (56 patients; 63 knees)
Excluded from analysis (0 patient; 0 knee )

osteotomy plane was perpendicular to the axis of tibia. The
posterior corner osteotomy was set at 7°, and the thickness
was 10 mm. Distal femoral valgus osteotomy for valgus
deformity of the knee was set at 6°. The anterior and poste-
rior femoral osteotomies were positioned using the anterior
reference method. The size of the prosthesis was determined,
and the reference was 3° of external rotation to determine
the external femoral osteotomy using the posterior condylar
line. After osteotomy, we used a gap module to test the ten-
sion and balance of the medial and lateral gaps during exten-
sion and flexion of the knee.

Step 4: We took the ankle and rest it across the contra-
lateral leg with the knee bent to 90° in the figure-of- four
position (Figs 2 and 3). In order to visualize the post-
eromedial corner structures, we dislocated the knee anteri-
orly using a Hoffman hook placed behind the tibial plateau.
We subperiosteally released the structures (posterior half of
the superficial medial collateral ligament, semi-membrane
tendon insertion, and posteromedial joint capsule) of the
posteromedial corner. As described by Tang et al.'®, we fully
flexed the knee to subluxate the joint forward and outward
using a Hoffman hook. The tibial plateau and posteromedial
corner structures were completely exposed, and subperiosteal
release was performed as that in experimental group.

Step 5: If soft tissue balance was not completely
achieved or the medial gap was still tight, additional loosen-
ing techniques, such as pie-crusting technique, tibial strip-
ping of the superficial medial collateral ligament, and medial
femoral epicondyle up-sliding osteotomy, were used to
achieve symmetric medial and lateral spaces'*’. The femo-
ral component, tibial component, patellar component, and
plastic spacer (German Link Inc, Los Angeles, CA) were
implanted. The wound was closed in layers. After surgery,
the routine therapies and rehabilitation program were used
in both groups. The patients were followed up 3 months,
6 months, 1 year, and 5 years after surgery”'.

Outcome Evaluation
Assessments were performed by a senior orthopedic surgeon
who did not attend the treatments.

Varus Knee Deformity

Varus knee deformity was measured on the frontal X-ray
(varus/valgus position) as the angle formed from the inter-
secting femoral and tibial mechanical axes®’. The femoral
axis was defined as a line drawn from the center of the femo-
ral head to the center of the femoral intercondylar notch.
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Fig 2 Application of the figure-of-four position to release the soft tissue in the varus knee medial-posterior corner in total knee arthroplasty. (A) The
ankle was taken across the contralateral leg with the knee bent to 90° in the figure-of-four position; (B) To visualize the posteromedial corner
structures, the knee anteriorly was dislocated using a Hoffman hook placed behind the tibial plateau. Then, the structures of the posteromedial
corner were released. (C, D) The other two patients who got the application of the figure-of-four position to release the soft tissue in the varus knee
medial-posterior corner in total knee arthroplasty.

y | Fig 3 The surgical diagrams for the figure-
4 ' of-four position to release the soft tissue
in the varus knee medial-posterior corner
in total knee arthroplasty.
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Time for Balancing
Time for balancing the medial soft tissue was defined as the
time from the start of spacer test to the end of balance test.

Length of Release

Length of release was defined as the distance from the osteo-
tomy surface of the tibial plateau to the farthest structures
released.

HSS Knee Score
The rating system of Hospital for Special Surgery (HSS) knee
score was used to evaluate the clinical results of TKAZ>.

Data Analysis

Quantitative variables were described as mean and standard
deviation for symmetric distribution or median and inter-
quartile range for asymmetric distribution. We used the one-
way analysis of variance to determine whether there were
any significant differences between the groups. Differences
were considered statistically significant at P < 0.05. The col-
lected data were analyzed with SPSS Version 11.0 (SPSS,
Inc., Chicago, IL.).

Results

Follow-Up

The mean age of experimental group and control group was
70.2 £ 8.7 years and  68.7 £ 6.2 years,  respectively
(P =0.2561) (Table 1). All patients were followed up for
5 years after the operation. The patients were followed up by
questionnaire survey, which included HSS score. The average
follow-up periods of the experimental group and control
group were 60.6 £ 7.3 and 61.2 & 6.7 months, and no signif-
icant difference was found between the experimental group
and control group.

General Results

General results are shown in Table 2. The operative time of
medial release for additional space balancing of the experi-
mental group and control group were 8.4 + 3.3 min and
11.3 £+ 6.9 min, respectively (P =0.0025) (Table 2). Intra-
operatively, the medial release length of releasing post-
eromedial corner structures was 35.5+ 134 mm and
273+£9.7mm in experimental and control group,
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respectively (P = 0.0001) (Table 2). Additional special loos-
ening techniques were performed in 8 knees in experimental
group and seven knees in control group. The mean varus
knee angle of the experimental and control group was
19.7° £ 9.3° and 19.3° & 10.7°, respectively. The dominant
blood loss of the experimental and control group was
10.7 £ 43 mL and 11.9 £ 3.9, respectively (P = 0.0023).
However, no significant difference was found in varus knee
angle between the two groups (P = 0.8190).

Functional Evaluation

The functional evaluation of posteromedial corner release
with the knee in figure-of-four position and conventional
position for varus TKA was investigated by the rating system
of HSS knee score. Preoperatively. The mean HSS score of
the experimental and control group was 38.2 + 11.3 and
39.1 £ 10.7, respectively. And no significant difference was
found between the two groups (P = 0.6391) (Table 3).

In order to achieve flexion-extension balance, addi-
tional osteotomy of distal femur was performed in 31 knees
in the experimental group, and 30 knees in the control
group. In the control group, a secondary osteotomy of distal
femur was performed in 11 knees. The HSS scores at
3 months post-operation for the experimental and control
group were 93.2 £ 18.1 and 92.9 £ 15.7, respectively. No dif-
ferences were found in the HSS scores between the experi-
mental and control group at 3 months post-operation
(P = 0.6391) (P = 0.9191).

Moreover, the HSS scores at 5 years post-operation for
the experimental and control group were 95.1 £ 16.9 and
94.8 + 17.2, respectively. And the differences between the
experimental and control group were significant (P = 0.9196)
(Table 3). Taken together, these above data indicated that
the posteromedial corner can be released more extensively
and thoroughly when the knee was placed in the figure-of-
four position during varus knee arthroplasty.

Complications

For the experimental figure-of-four position group, no infec-
tion, DVT, bone nonunion, bone fracture, or revision
occurred during the hospitalization and follow-up period.
For the control conventional position group, no per-
iprosthetic fracture, prosthetic loosening, or DVT occurred
during the hospitalization and follow-up period. No other

TABLE 1 Comparison on the basic data between the two groups

Experimental group Control group P
Patient/knee (n) 58/66 56/63
Age (years) 70.2 + 8.7 68.7 £ 6.2 0.2561
Body mass index (Kg/mz) 27.3+6.9 26.8 + 6.3 0.6654
Follow up (months) 60.6 £7.3 61.2 £6.7 0.7266

SD, standard deviation.
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TABLE 2 Comparison on the general data between the two groups

Experimental group Control group P
Dominant blood loss (mL) 10.7 + 4.3 10.9 + 3.9 0.3223
Varus knee angle (mean + SD; °) 19.7 £ 9.3 19.3 +10.7 0.8190
Medial release time (mean + SD; min) 8.4 £33 11.3+6.9 0.0025
Medial release length (mean + SD; mm) 355+ 134 27.3+£9.7 0.0001

SD, standard deviation.

TABLE 3 Comparison on the HSS scores between the two groups

Experimental group Control group P
Preoperative HSS (mean + SD) 38.2+11.3 39.1 +£10.7 0.6391
3 months postoperative HSS (mean + SD) 93.2 +18.1 92.9 + 15.7 0.9191
5 years postoperative HSS (mean + SD) 95.1 + 16.9 94.8 +17.2 0.9196

HSS, Hospital for Special Surgery; SD, standard deviation.

serious complications were found in the experimental and
control group during the follow-up time, and the clinical
symptoms were observed to be significantly improved in the
patients.

Discussion

Outcome of Figure-of-Four Position

We found that the posteromedial corner release can be per-
formed with the knee in both the figure-of-four position and
conventional position. In the figure-of-four position, more
extensive and complete surgical release can be -easily
achieved, resulting in a good immediate balance gap and
quite stable knee joint without a bad influence on the longev-
ity of the implant.

Background of Figure-of-Four Position

The posteromedial corner of the knee is comprised of the
structures between the posterior border of the superficial
medial collateral ligament and medial border of the posterior
cruciate ligament, including the posterior oblique ligament
and semimembranosus tendon that merges into the posterior
capsule*’. For severe varus knees, the pathoanatomy usually
involves erosion of medial tibial bone stock with medial tibial
osteophyte formation, and contracture of the medial collat-
eral ligament, posteromedial capsule, pes anserinus, and
semimembranosus muscle®”. Elongation of the lateral collat-
eral ligament and flexion contracture may also coexist™.

Soft tissue balancing is an important surgical proce-
dure for correcting the malalignment of the lower limb?’.
The beneficial effects of medial soft tissue release and reduc-
tion osteotomy were evident on the analysis of joint gap
kinematics®”. The goal can be achieved using soft tissue

release and additional surgical techniques®®. Subperiosteal
release of the posteromedial corner structures is the conven-
tional technique, but is often a cumbersome surgical proce-
dure in severe varus knee”. The release is usually carried on
after resecting the osteophyte, and gradually carried on until
the medial collateral ligament is well balanced™®.

Other Loosening Techniques

In addition to posteromedial corner release, there were some
loosening techniques, such as subperiosteal release of soft tis-
sue sleeve, narrowing technique for the tibial osteotomy, pie-
crusting technique, tibial stripping of the superficial medial
collateral ligament, and medial femoral epicondyle up-sliding
osteotomy”'. The options depend on the degree of varus
deformity®> **. For conventional posteromedial corner
release, the knee is flexed and subluxated using a Hoffman
hook. These techniques are unable to release the soft tissue
structures extensively and sufficiently. Meanwhile, the poste-
rior cruciate ligament may be avulsed, resulting in an exces-
sive dislocation after the prosthesis has been implanted>*.

The Advantage of Figure-of-Four Position

The varus knee deformity is often associated with flexion
deformity of knee. The posteromedial corner release benefits
the correction of flexion deformity in both coronal and sagit-
tal planes’. However, sometimes, extensive release and
releasing the superficial medial collateral ligament can lead
to instability in flexion®®. Our results showed employing a
combined release technique are effective than a single tech-
nique, because maximal tension exists at the initial phase of
each release procedure. In addition, performing stepwise
release procedures can avoid unnecessary over release. Niki
et al*® found that 4-mm reduction osteotomy provided
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about 1.7° and 0.7° varus improvement in flexion and exten-
sion, respectively; and 8-mm reduction osteotomy only
improves 2.8° and 0.9° in flexion and extension, respectively.

Similar to the conventional position of the knee, with
the knee in the figure-of-four position, it could be argued
that the classic extensive medial release associated with iatro-
genic injury to the pes anserine and saphenous nerve, insta-
bility, and abnormal knee kinematics may be
unnecessary'” *7.

Limitation of Study

There are several limitations in our study. First, because of
the large number of patients, the operations were performed
by the same surgical team but not the same surgeon. Surgeon
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preference, experience, and ability may influence ascertaining
the effects of the techniques. Second, for posteromedial cor-
ner release, the comparison between figure-of-four position
and subperiosteal release of soft tissue sleeve or pie-crusting
technique need to be investigated in the further research.
Besides, long term follow-up assessment will be needed to
identify the functions and complications in patients.

Conclusions

In varus knee arthroplasty, the figure-of-four position is ben-
eficial for posteromedial corner release. It is effective and safe
method to obtain balanced extension-flexion gaps in
primary TKA.
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