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IntroductIon
Genu varum weakens the lateral structure and consequently 
makes it difficult to improve the stability of patients’ knee 
joint using conventional correction methods.[1,2] Genu 
varum or varus has a great negative impact on the quality 
of life of the patient’s due to impairment of their ability 
to live independently. Total knee arthroplasty (TKA) is a 
promising and relatively new treatment approach which can 
improve the quality of life of these patients effectively.[3] 
Preparation of medial structures of the knee for varus 

deformity correction is one of the most important factors 
during TKA.[4,5]

Various soft tissue release techniques were developed to correct 
an unbalanced joint. Among these techniques, the traditional 
release method, also known as the insall release method, has 
become a popular method for releasing contractile soft tissue 
with clinically verifiable results reported by several studies.[6‑10] 
However, some studies have found the complications of this 
procedure to be worrisome including unstable knees due to 
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excessive release or increased joint line ultimately might lead 
to patellar and osteoarthritis due to arterial damage around 
the joint.[11‑13]

The needle multiple puncture technique for medial collateral 
ligament (MCL) release is widely used in varus deformity 
in total arthroplasty surgery, and the pie‑crusting technique 
using blade knife in recent years has been considered as 
a damage‑control method to release soft tissue of lateral 
structures in total valgus deformity arthroplasty.[14‑18] 
Some studies have reported this method is effective and 
uncomplicated in releasing the medial tissues of the knee with 
a blade knife.[16,19,20] However, many surgeons still oppose the 
use of this technique due to iatrogenic damage to the superficial 
part of the MCL and possible instability of the knee joint.[14,21‑23] 
In a study on cadaveric knees, the safety of this technique on 
MCL showed that surgeons should be careful in using this 
technique because the failure mechanisms of this technique 
are different from those commonly used.[23]

To best of our knowledge, no systematic review has been 
conducted to investigate the effects and safety of pie‑crusting 
technique on the different parameters of the knee for varus 
deformity. The aim of this study was to systematically evaluate 
and summarize the clinical outcome and complications of 
pie‑crusting of the medial side of the knee during TKA in 
patients with knee genu varum deformity.

MaterIals and Methods
A systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta‑analyses (PRISMA) guidelines using a PRISMA 
checklist. Databases of Google Scholar, PubMed, Web of 
Science, Scopus, and scientific information database were 
searched systematically from 1990 to 2021. Inclusion criteria 
were studies in Persian or English, evaluating the clinical 
outcome of pie‑crusting of the medial side of the knee during 
TKA in patients with knee in genu varum/varus deformity. 
The utilized keywords were the followings: “total knee 
arthroplasty,” “pie‑crusting,” “genu varum” “genu varus,” 
“varus,” and “medial collateral ligament.” The following data 
were extracted from enrolled articles: first author’s name, 
publication year, country, study design, number of patients 
in pie‑crusting group, knee brace usage, knee instability, 
outcomes, and complications. All the studies were entered 
in reference management EndNote software, and then, 
duplicates were removed followed by excluding the articles 
with undesired title and/or abstracts, conferences and abstracts, 
non‑English and non‑Persian articles, and studies published 
before 1990.

results
The process of study selection has shown in Figure 1. After 
removing duplications and unrelated articles, 13 studies were 
remained and one record was excluded because it was about 

valgus deformity.[16] Another study was also removed because it 
introduced and used a new method called femoral origin release 
of the medial collateral ligament.[24] One study was discarded 
because it did not provide any specific and separate data on 
patients in varus deformity.[25] At last, we excluded one record 
since it was about medial epicondylar osteotomy method.[26] 
Finally, 9 studies were selected.[21,23,27‑33] The summary of the 
outcomes of pie‑crusting technique and patient follow‑up for 
varus deformity during TKA has been listed in Table 1.

dIscussIon
We performed this systematic literature review to evaluate 
clinical outcomes on different parameters after using 
pie‑crusting technique during TKA in patients with varus 
deformity. In these recruited studies, men were treated more 
often than women, patients’ ages ranged from 19 to 62 years. 
Except for two studies that opposed the efficiency and safety 
of pie‑crusting technique,[23,34] other studies found pie‑crusting 
a useful and promising technique.[27‑31,33] Among the studies 
evaluated this usefulness of this technique, one record reported 
some cases with knee instability followed by using pie‑crusting 
technique during TKA,[29] however, others reported no case 
of knee instability. Bracing was used for a mean of 4 weeks 
after percutaneous lengthening in two studies.[29,30] At the final 
follow‑up, no reports of any postoperative complications were 
found. Five studies reported improvement in KSS and range 
of motion (ROM) score and improving medial gap[29‑33] and 
two records found no significant improvement in terms of 
KSS and ROM.[27‑28]

The knee joint plays a very important role in supporting the 
body and transferring its weight during static and dynamic 
activities.[35‑37] Knee deformities cause premature osteoarthritis 
changes by unequal application of force to the internal 
and external structures of the knee.[38] In general, the most 
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Figure 1: Flowchart of study selection procedure in this systematic review
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common cause of varus deformity is osteoarthritis, followed by 
rheumatoid arthritis and traumatic arthritis.[39] Recommended 
treatments for this deformity include supportive measures, 
tibial osteotomy, and, finally, knee arthroplasty. There are many 
concerns about the techniques required for total arthroplasty 
in these patients.

Preparation of medial structures of the knee is one of the 
most important factors involved in TKA in patients with 
genu varum. Improper balance of medial knee structures 
causes premature failure after surgery.[40‑43] Several techniques 
have been proposed to create this balance.[14,19,41,44] So far, 
no definitive standard for the technique of releasing the 
medial structures of the knee has been presented. Normally, 
the superficial part of the MCL is released subperiosteally 
to balance the medial structures in the varus knees.[41,45,46] 
In one study, it was shown that by releasing surface MCL 
subperiosteally from the tibial insertion site by nearly 20 mm, 
the medial gap will be increased.[47] Although in moderate 
deformity of the knee, less than a 10 mm increase in medial 
gap is required, the use of this common technique results 
in the loss of sufficient MCL tension and instability in the 
knee. Therefore, the use of this technique to increase the 
medial gap is discussed, while it depends on the skill of the 
surgeon. Aglietti et al. mentioned that pie‑crusting is a reliable 
technique for correcting moderate‑to‑severe fixed valgus 
deformities and the rate of complication is very low while 
the mid‑term outcomes are reasonable.[16] Pie‑crusting first 
introduced by Agneskirchner for soft‑tissue balancing during 
TKA.[17,18,35] The advantages of percutaneous release method 
are the release without compromising the synovial membrane, 
reducing the risk of intra‑articular septic complications, while 
avoiding intra‑articular structures that may prevent the tools 
needed in the intra‑external method from being placed to use 
deep MCL.

Goudarz Mehdikhani et al. used an algorithmic method of 
pie‑crusting recommended previously by Bellemans et al.[14] 
which included the resection of the posterior osteophytes as 
the initial balancing gesture.[27] They found that the use of 
constrained inserts was significantly lower in the pie‑crusting 
group than the control group, and the difference in the 
constrained inserts applying was not significant in patients 
with mild and moderate deformity but it was only significant 
in those with severe deformity. They found no significant 
differences between pie‑crusting and control groups in 
terms of functional KSS, ROM, and the knee‑specific KKS. 
However, He et al. during their study on pie‑crusting group 
including 36 patients (26 females and 10 males) with 39 
knees concluded that pie‑crusting method is effective, 
reliable, and safe to release superficial MCL (sMCL) for 
TKA.[30] To perform pie‑crusting, they made three to five 
small incisions in the middle of the ligament material with 
a scalpel or a scraping needle, and the contraction gap was 
gradually released with the diffuser simultaneously. The 
release range was controlled in range of 2–5 mm. Comparing 
the radiographic result of traditional release group with Ta
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pie‑crusting group showed a reasonable correction of 
femoral tibial angle (P = 0.045) in the latter group indicated 
a higher valgus degree. Tibia osteotomy volume and plate 
thickness found to be greater in pie‑crusting. Knee functional 
parameters improved significantly in terms of flexion 
contraction, ROM, and KSS points in the follow‑up cases 
compared to their status before the operation. In their study, 
four out of 26 patients used braces to prevent knee instability, 
and all four removed the braces after some time without signs 
or symptoms of unstable knees. There was only one case with 
severe pain around patella restricted daily activities such as 
climbing stairs and walking; however, no hemarthrosis cases 
were reported in their study during follow‑up period. The 
joint line levels were elevated approximately 2 mm using 
pie‑crusting after surgery.[30]

In study by Ha et al., selective medial release method was 
performed for medial tightness applying pie‑crusting. They 
found that out of 729 knees, 328 needed pMCL/PMCS scaling 
to release internal contractions. The ROM was improved from 
127.4 to 140.8 and the KSS score from 52 to 83.4. The KSS 
function scores improved from 58.2 to 91.9 points. No patient 
disclosed signs of knee instability at the latest follow‑up 
visit. No other specific medical complications related to 
this technique (bleeding, hematoma formation, constrained 
prosthesis, nerve injury) were reported.[31] Controlled 
enhancement of sMCL allows for improved visualization and 
access to tools with the usage of percutaneous pie‑crusting 
method.[35]

However, studies on medial pie‑crusting are not enough 
but it seems useful method for increasing medial gap 
especially in flexion. This theory has not been confirmed 
in Cadaveric studies. Several studies reported improvement 
in post‑operative KSS and Functional KS after pie‑crusting 
compared with pre‑operative scores but in studies the control 
group was not considered for comparison. Therefor it is not 
possible to comment on the preference of this method over the 
traditional method. Some studies reported instability and CCK 
surgery has been less than the traditional method. Due to the 
inconsistency of the results on the efficiency and outcomes 
of pie‑crusting we cannot make a firm conclusion and more 
high‑quality studies are needed in this regard. However, this 
method can be considered as a safe method which depends on 
the skill of surgeon.

One of the main limitations of this study was that all the 
included studies were observational and they will have all the 
limitations of this category of studies.

conclusIons
It can be concluded that pie‑crusting is a reliable method for 
correcting varus deformity (genu varum) and this technique 
is associated with low risk of instability, however in terms of 
knee society score (KSS) and range of motion (ROM) results of 
different articles are inconsistent and more studies are needed 
to confirm the conclusion.
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