


1 Introduction

With improved survival of patients treated with limb-salvage surgery for malignant bone tumors, postoperative function 
has become critical, particularly for young or physically active patients. The knee is a primary weight-bearing joint, and 
any instability or restricted range of motion (ROM) will compromise patients’ quality of life [1]. In patients with 
malignant bone tumors at the proximal tibia, tumor prosthesis replacement often results in functionally unfavorable 
outcomes when the extensor mechanism of the knee is insufficient. Resection of the proximal tibia involving the tibial 
tuberosity can cause an extensor lag even with repair of the patellar tendon. Several reconstruction procedures for the 
extensor mechanism have been reported. The remaining patellar tendon has been reattached with sutures directly to the 
tibial component or augmented with synthetic materials [2–7]. However, the value of these procedures is reduced by 
technical problems. Jentzsch et al. described that 22% of patients, who received reconstruction with direct suture of the 
remaining patellar tendon, had an extensor lag of greater than 20° [2]. Dominkus et al. reported on 22 patients treated 
with reconstruction using a synthetic ligament, in whom a rupture of the synthetic ligament occurred in five (23%), four 
(18%) of whom required revision surgeries[Instruction: This ref (8) changes to (6).] [8]. In addition to these difficulties 
in reconstructing the extensor mechanism, soft tissue defects resulting from wide resection are another concern for 
surgeons. A rotational gastrocnemius flap is considered useful not only for the coverage of defects but also for 
reinforcing the reconstructed extensor mechanism [Instruction: 4,9-11 ---> 4,8-10][4,9–11].

Change in patellar height has been found after proximal tibia mega-prosthetic reconstruction. Several studies have 
described an appropriate patellar height following the repair of the extensor mechanism associated with favorable 
postoperative function[Instruction: 2,12,13 ---> 2,11,12] [2,12,13]. Jentzsch et al. demonstrated that patients with a 
normal patellar height had better functional scores than those with patella alta after reconstruction of the extensor 
mechanism [2]. However, it is challenging for surgeons to determine the appropriate patella height during the extensor 
mechanism reconstruction. Several studies have documented stretching of the reattached patellar tendon with time after 
reconstruction with a mega-prosthesis and gastrocnemius flap [Instruction: 12,14 ---> 11,13][12,14].

The rate of peri-prosthetic infection in the proximal tibia area has been reported to be 15–18%, even with the use of a 
gastrocnemius flap [Instruction: 4,9 ---> 4,8][4,9]. Considering the potential risk of infection using synthetic materials 
and the unavailability of allografts in our country, reconstruction with autologous tissue would be theoretically desirable 
if possible. The iliotibial band (ITB) has been used successfully as the autograft for the reconstruction of the anterior 
cruciate ligament (ACL)[Instruction: 15,16 ---> 14,15] [15,16]. The ITB graft is a robust local tissue used to 
compensate for abdominal wall defects or rotator cuff defects. It is also known that harvesting ITB graft disrupts neither 
the extensor nor flexor mechanism of the knee [Instruction: 15 ---> 14][15]. Thus, we assumed that supplemental ITB 
could be a reliable treatment option when patellar tendon reconstruction is indicated. However, there have been only a 
few reports on procedures using autologous graft, including ITB in the extensor mechanism reconstruction [Instruction: 
17,18 ---> 16,17][17,18]. Since 2006, we have consecutively and prospectively utilized reverse transferred ITB to 
reconstruct the extensor mechanism in patients undergoing proximal tibia resection and replacement with a mega-
prosthesis. The primary objective of this study was to evaluate the utility of a procedure with reverse transferred ITB to 
reconstruct the extensor mechanism of the knee. The secondary objective was to investigate changes in the patellar 
height after proximal tibia mega-prosthesis replacement and analyze its effects on knee function at the last follow up, 
including extensor lag, active flexion, and the Musculoskeletal Tumor Society (MSTS) score. This study evaluated 
changes in the patellar height after proximal tibia mega-prosthesis replacement and analyzed its effects on postoperative 
knee function, including extensor lag, active flexion, and the MSTS score.

2 Patients and methods

2.1 Patients

This study was approved by our Institutional Review Board. Between 2006 and 2018, 26 patients underwent resection 
of aggressive bone tumors at the proximal tibia in our institutions. Of these, 19 patients had reconstruction with mega-
prosthesis replacement, four amputation, and the remaining three treatment with a recycled pasteurized autograft. Of the 
19 patients treated with mega-prosthesis, five were excluded from the present study for the following reasons. In three 
patients, the tumor was contained entirely within the bone, allowing retention of the surrounding soft tissues, and 
precluding the need for augmentation of the patellar tendon. The remaining two did not follow our postoperative 











lag, one showed a patella baja, and three presented a patella norma at the last follow up. Of 10 patients without an 
extensor lag, four had a patella baja, four had a patella norma, and two a patella alta. The linear regression model in an 
extensor lag did not show any significant association with the value of ISR at any time points.

The mean MSTS score was 20.7 points (69%; range, 33–90%). These scores were available in nine surviving patients. 
There was no statistical difference between the MSTS score and ISR (postoperative: P  = 0.98 or at the last follow up: 
P  = 0.78) in our series. We did not find any correlation between an extensor lag and MSTS score (P  = 0.50).

4 Discussion

In the current study, we described a case series of extensor mechanism reconstruction after proximal tibia resection, 
prospectively and consecutively treated with identical procedures using reversed ITB transfer in all 14 patients. To our 
knowledge, this was the first study designed to address the outcomes of the extensor mechanism reconstruction using 
supplementary autologous ITB after mega-prosthesis replacement for the proximal tibia. Our procedure was 
demonstrated to provide a durable reconstruction to restore and stabilize active knee extension.

One of the primary objectives of the reconstruction after proximal tibia mega-prosthesis is to prevent an extensor lag. 
Several authors have described a broad range of extensor lag in patients treated with proximal tibia mega-prosthesis. 
Bickels et al. attached the remnant patellar tendon to the prosthesis with Dacron tape, augmented with autologous bone 
graft in 55 patients, and reported that 22% of them had an extensor lag greater than 20° [5]. In their study, patients 
achieving an extensor lag of 20° or less had no limitations in their activities of daily living. Albergo et al. showed a 
mean extensor lag of 13.6° (range, 0–80°) in 88 patients, in whom the patellar tendon was attached to the transposed 
gastrocnemius to restore the extensor mechanism [Instruction: 19 ---> 18][19]. Mavrogenis et al., who studied the 
largest series with 225 patients, including various reconstruction methods, reported that the mean extensor lag was 12°, 
ranging from 0° to 60°[Instruction: 11 ---> 10] [11]. Before 2006, our methods for extensor mechanism reconstruction 
after mega-prosthetic replacement in the proximal tibia were inconsistent, and the duration of immobilization was less 
than 3 weeks. The mean extensor lag in the seven patients available for sufficient data as a historical cohort was 36° 
(range, 8–80°). In the current series, the mean extensor lag was 2.5° (range, 0–15°), which was superior to or 
comparable with that described in previous studies. Although various augmentation methods such as use of allografts 
and synthetic materials have been widely used for the extensor mechanism reconstruction of the knee, the specific 
procedures employed have not been consistent [Instruction: 11,13 ,19-21 ---> 10,12,18-20][11,13,19–21]. The 
techniques have been based on various patient factors, surgeon preference, and the degree of soft tissue loss.

Several authors have argued the significance of securing the continuity of the patellar tendon to the prosthesis with or 
without synthetic materials in the extensor mechanism reconstruction[Instruction: 7,12,22 ---> 7,11,21] [7,12,22]. 
Tumor prostheses with an area for attachment of the patellar tendon have been commonly used. Gosherger et al. 
showed that a reliable attachment of the patellar tendon to both the prosthesis with synthetic material and a 
gastrocnemius flap was essential to decrease extensor lag after proximal tibia prosthetic replacement [Instruction: 22 ---
> 21][22]. Conversely, the reinforcement of the patellar tendon with synthetic materials was prone to rupture because 
healing did not occur between the patellar tendon and synthetic materials[Instruction: 20 ---> 6,19] [8,20][20]. Edmund 
et al. reported a residual extensor lag of more than 20° in 9–33% of patients who underwent direct attachment of the 
patellar tendon to the prosthesis in their review of the previous literature[Instruction: 20 ---> 19] [20]. For reliable 
fixation between the patellar tendon and the prosthesis, a contact interface to adjust tension would be required. 
Recently, a mesh wrapped around the prosthesis has been reported with favorable results in the extensor mechanism 
reconstruction[Instruction: 13,23 ---> 12,22] [13,23]. However, there has been concern expressed by orthopedic 
oncologists that foreign material such mesh might increase the risk of infection.

In this study, we developed reconstruction with supplementary ITB as a physical interface around the prosthesis to 
secure the continuity of the patellar tendon and to anchor the surrounding tissues. ITB could serve as a base for host 
tissues and contribute to the biological healing of the attached patellar tendon. This procedure could create a robust soft 
tissue envelope that enhanced the remodeling of the extensor mechanism. Our outcomes resulted from the continuity of 
the patellar tendon to the prosthesis through wrapped ITB and the integration of the patellar tendon and wrapped ITB 
with the tibialis anterior fascia and gastrocnemius flap.

However, the direct attachment of the extensor mechanism to the prosthesis has been reported to not result in 
significantly better MSTS function compared with the attachment mainly to a gastrocnemius muscle flap[Instruction: 11 
















