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ARTICLE INFO ABSTRACT
Keywords: Background: Reconstruction of the proximal tibia following resection of malignant bone tumors in pediatric pa-
Osteosarcoma tients is traditionally limited to osteoarticular allografts or endoprostheses. Endoprostheses typically require

Pediatric limb salvage
Expandable prostheses
Tibia hemiarthroplasty

resection or disruption of the distal femoral physis, which can lead to a leg length discrepancy (LLD). We
introduce a novel form of proximal tibia limb reconstruction using a Compress® tibia hemiarthroplasty, which
spares the distal femoral physis.

Methods: We retrospectively reviewed 5 patients who underwent proximal tibia osteosarcoma resection and
reconstruction with a custom Compress® proximal tibia hemiarthroplasty. Data on function, survival, LLD,
complications, and patient-reported outcomes were collected.

Results: Mean age at resection was 10.4 years [range: 8.8-12.9 years]. Mean implant survival was 59 months
[range: 34-83 months]. One patient developed a deep infection, and two patients required implant lengthening.
Both were later converted to a rotating hinged total knee arthroplasty (RHTKA) > 58 months after index surgery.
At the last follow-up, all living patients had knee range of motion from 0 to 110°, walked unassisted, and had no
LLD or knee instability. Mean Toronto Extremity Salvage Score was 90 [range: 80-97].

Conclusions: Proximal tibia hemiarthroplasty reconstruction after tumor resection in skeletally immature patients
preserves the distal femoral physis and may potentially reduce LLD and delay conversion to an RHTKA until after
skeletal maturity.

Key Concepts:

(1) Osteosarcoma is the most common primary malignant bone tumor in children, arising most frequently around
the knee.

(2) Complete resection often requires excising the adjacent growth plate, creating a challenge for reconstruction in
growing children to maintain function and avoid significant limb length inequality.

(3) The custom expandable tibia hemiarthroplasty is a novel reconstruction option for skeletally immature pa-
tients requiring resection of the proximal tibia.

(4) Although future research is needed, results of this study suggest that tibia hemiarthroplasty is a reasonable
reconstruction option in growing children requiring oncologic resection of a primary bone tumor from the
proximal tibia.

Level of Evidence: Case series, Level IV

Introduction presenting with a localized disease [1-3]. Following neoadjuvant
chemotherapy, wide excision with limb-salvage surgery is performed in

High-grade osteosarcoma is the most common primary malignant nearly 90% of patients, with amputation or rotationplasty only utilized in
bone tumor in childhood, arising most frequently in the distal femur or select cases [4,5]. Despite advances in limb-salvage techniques, osteo-
proximal tibia, and has a 70% 5-year overall survival for patients sarcoma often abuts, invades, or even crosses the physis, requiring
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resection of epiphysis to obtain a negative margin [4,6]. Thus, in skele-
tally immature patients, a reconstruction technique that can potentially
match future longitudinal bone growth of the contralateral limb should
be considered in order to avoid a clinically significant leg length
discrepancy (LLD), traditionally classified as greater than 2 cm [7,8].
Furthermore, the limb reconstruction method should be durable, restore
mobility, and allow for continuation of daily function [1,2,4].

For skeletally immature patients with a malignant tumor in the
proximal tibia, reconstruction options have traditionally been limited to
osteoarticular allografts [9], static or expandable endoprostheses that is
coupled with a rotating platform total knee arthroplasty [10], or allograft
prosthetic composites [1,2,11]. Osteoarticular allografts do spare the
distal femoral physis but are static and subject to complications such as
fracture, LLD, and arthrosis of the adjacent knee joint and frequently end
with revision to an endoprosthesis [12,13]. Expandable endoprostheses
allow for minimally invasive or noninvasive lengthening to match the
length of the contralateral limb but do disrupt the physis on the other side
of the joint as they require fixation for the rotating hinge knee mecha-
nism [4,14-17]. Allograft prosthetic composites are rarely described in
the pediatric limb-salvage literature and may also be used less frequently,
given their static length [11]. Lastly, there is also a reported technique of
proximal tibia epiphyseal distraction for pediatric patients with malig-
nant bone tumors, but this can only be considered if the tumor has not
crossed the physis [18].

Expandable endoprostheses are commonly used for limb reconstruc-
tion around the knee in very young patients as they can expand to match
the contralateral growing limb [1,4,14-17,19-21]. Since the approxi-
mate growth per year from distal femoral physis is 9 mm and growth
from the proximal tibial physis is 6 mm, resection of the proximal tibia
physis, coupled with resection or disruption of the distal femur physis,
increases the potential for a clinically significant LLD [4,14,15].
Expandable implants require repeated lengthening procedures and have
a finite length of expansion. Once this limit is reached, a new implant
must be exchanged if further length is required. These lengthening pro-
cedures place patients at an increased risk for complications such as
infection and arthrofibrosis, or even subsequent amputation [16,17,
19-22]. In the United States, the two commercially available proximal
tibia replacement endoprostheses with a rotating hinged total knee
arthroplasty (RHTKA) require either resection of the distal femoral
physis (Orthopedic Salvage System; Zimmer Biomet, Warsaw, IN, USA)
or disruption of the distal femoral physis (Global Modular Replacement
System; Stryker, Mahwah, NJ, USA). The Juvenile Tumor System
(ONKOS, Parsippany, NJ, USA) provides potential for noninvasive
expansion and also disrupts the distal femur physis with reported sub-
sequent leg length discrepancies [14,15,17,19]. Therefore, if the distal
femoral physis can be left intact and an expandable proximal tibia
endoprosthesis can be utilized, LLD and other complications in a growing
child may be reduced.

In the current medical literature, very few proximal tibia endopros-
thesis limb-salvage reconstruction options are described that spare the
distal femur. Tibia hemiarthroplasty constructs are scarce and are often
limited to case reports [25-27]. One biomechanical study examined the
concept of knee hemiarthroplasty [19]. Cement spacer constructs and the
use of a cemented tibia stem in pedicle frozen tumor were also described,
all using a cemented stem for fixation [25,26,28]. The primary aim of this
study was to investigate a novel form of proximal tibia endoprosthetic
reconstruction using a custom Compress® tibia expandable hemi-
arthroplasty. The Compress® Compliant Pre-stress (CPS) implant (Zim-
mer Biomet, Warsaw, IN, USA) has excellent long-term survivorship at
the bone-implant interface: 85% at 5 years and 80% at 10 years in one
published report [28]. The implant is fixed to the bone with compressive
osseointegration at the implant-bone interface, with multiple other
studies reporting excellent survivorship without aseptic mechanical
failures in greater than 93% of patients at 4 years and greater than 88% at
10 years [29-31]. Furthermore, the anchor plug length of 5 cm allows for
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more preservation of bone than a typical stemmed implant, which is ideal
when the residual bone length is limited.

Given the demonstrated durability of this implant fixation device, a
custom expandable tibia hemiarthroplasty implant was mated to the CPS
spindle, allowing for preservation of the distal femoral physis and for
future minimally invasive implant expansion if needed. We hypothesized
that this reconstruction method is an acceptable option for proximal tibia
reconstruction in skeletally immature patients and that preservation of
the distal femoral physis would decrease the incidence of significant limb
length discrepancy. In addition, we report associated complications with
this procedure and functional outcomes that suggest this reconstruction
technique should be considered for reconstruction in growing children
who require oncologic resection of a primary bone tumor from the
proximal tibia.

Materials and methods

We conducted a retrospective chart review of 5 pediatric patients who
underwent proximal tibia tumor resection and reconstruction with a
custom Compress® expandable tibia hemiarthroplasty reconstruction
between 2015 and 2019. This review was conducted under an institu-
tional review board-approved research study protocol. The procedures
were performed by three orthopaedic surgical oncologists practicing at
two institutions. All patients received neoadjuvant chemotherapy per
Children's Oncology Group protocol [32], local control with wide sur-
gical resection, and adjuvant chemotherapy starting 3 weeks after sur-
gery. Patients had regularly scheduled follow-up visits with a clinical
examination and radiographs at 3 weeks, 6 weeks, 12 weeks, and then
every 3 months for the first 2 years. Clinical documentation from these
follow-up appointments was reviewed to obtain data on patient de-
mographics, implant survival, LLD, knee stability, knee range of motion
(ROM), as well as additional surgeries and complications. Implant sur-
vival was calculated from the time of index surgery to the time of implant
removal or last follow-up. The Toronto Extremity Salvage Score (TESS)
[33] was administered to patients at the most recent follow-up to obtain
patient-reported functional outcomes. Mean scores were calculated, but
no further statistical analysis was carried out, given the small patient
sample.

Surgical indications

Once the diagnosis of a primary malignant bone tumor in a pediatric
patient is confirmed, a discussion regarding the nature of the surgical
resection and method of reconstruction is held with the patient and their
family. Patients with greater than 2 years of future potential limb growth,
or more than 3 cm of future limb length, are considered candidates for an
expandable implant. Patients meet these criteria if they had open physes
and/or were prepubescent. This included females aged 8 to 13 years and
males aged 8 to 15 years. Older pediatric patients, or those with closed
physes, who require endoprosthetic reconstruction receive a static
implant. Very young patients, under 8 years, may require amputation,
rotationplasty, or alternative biologic reconstruction, given their small
size. The decision to resect the epiphysis of the tibia with the tumor is
made by the surgeon 2 cm with the goal of achieving a wide bony surgical
margin of at least two centimeters.

Custom implant specifications

Within 2 weeks of diagnosis of a proximal tibia osteosarcoma, local
control options were discussed with the patient and their parents. In
young patients with greater than 3 cm of anticipated future longitudinal
growth, whose families elected limb salvage, they were presented with
this novel method of reconstruction. Specifications for the custom tibia
CPS hemiarthroplasty implant were then provided to the implant
manufacturer (Zimmer Biomet, Warsaw, IN, USA). All implants used a
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non-custom short (5 cm) CPS anchor plug, spindle, and taper adaptor.
The minimum tibia resection length to accommodate this implant is 15
cm, including the 1-cm spindle and 5-cm taper adaptor. The maximum
amount of expansion allowed with this design was 3 cm. Implant
expansion is achieved by engaging the screwdriver into the side of the
implant body and turning it manually to lengthen the implant. This re-
quires a small incision and is performed under fluoroscopic guidance
with the patient under anesthesia. The implant is typically lengthened 1
cm during this procedure to avoid excess stretch on nerves and blood
vessels. The expandable tibia hemiarthroplasty component was a custom
implant approved for manufacturing under a Food and Drug Adminis-
tration compassionate use device exemption. The manufacturing time
varied from 7 to 8 weeks. The co-authors of this paper and participating
surgeons in this case series have no financial or consulting relationships
with the implant manufacturer.

Surgical technique

Wide surgical excision of the proximal tibia osteosarcoma was per-
formed, resecting the tibia epiphysis and a minimum of 2 cm of bone
distal to the tumor, along with a soft tissue envelope overlying the tumor,
sufficient to obtain a grossly negative margin. The medial collateral lig-
ament (MCL), lateral collateral ligament (LCL), anterior cruciate liga-
ment (ACL), posterior cruciate ligament (PCL), and the patellar tendon
were transected 1 cm from their respective attachments on the proximal
tibia and marked with suture for future repair. The joint capsule was
transected 1 cm proximal to the tibia articular surface.

The custom CPS expandable tibia hemiarthroplasty implant length
was predetermined based on initial magnetic resonance imaging ob-
tained at the time of diagnosis. A tibial osteotomy was made at a distance
from the joint line to match the length of the custom implant. CPS anchor
plug, spindle, and taper adaptor were standard components and were
attached to the tibia diaphysis following the manufacturer’s technique
guide. The custom implant was then attached to the taper adaptor. A
custom highly cross-linked polyethylene was designed to match the
contour of the patient’s distal femoral condyles with a posterior stabi-
lizing post. The post was intended to limit anterior translation of the
implant with respect to the femur. This implant was also designed to
allow for future conversion to a rotating hinged total knee arthroplasty
without need for removal of the proximal tibia implant.

The proximal aspect of the custom implant has circumferential pre-
made holes allowing for attachment of the collateral ligaments, cruciate
ligaments, and capsule. Additional anterior holes are placed for attach-
ment of the patellar tendon. After resection of the tumor and attachment
of the implant to the residual tibia, the soft tissue reconstruction is per-
formed. With the knee in flexion, the posterior capsule and PCL are
tightly secured to the posterior implant holes with braided, non-
dissolvable suture (Fig. 1). Next, the knee is brought into 10 degrees of
flexion and the lateral and medial capsule, LCL, and MCL are then sewn to
the implant with equal tension (Fig. 2). Lastly, the ACL and anterior
capsule are attached and tightened with the knee fully extended. The
patellar tendon is then attached to anterior holes in the proximal body of
the implant. A medial gastrocnemius flap is then harvested, rotated to
cover the extensor mechanism, and proximally oversewn [34]. One
proximal and one distal drain are placed, and the wound is closed in a
layered fashion. A split thickness skin graft is then harvested, if needed,
to cover the gastrocnemius flap.

Postoperative protocol

Patients are restricted to non-weight-bearing or toe-touch weight-
bearing on their surgical extremity for 12 weeks, per surgeon’s prefer-
ence. Patients were placed in a hinged knee brace locked in extension for
8-12 weeks, after which they are permitted to perform graduated knee
ROM exercises. At 12 weeks following surgery, they are advanced to 25%
weight-bearing and then increase to 50% weight-bearing at 14 weeks. At
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Figure 1. Intraoperative photograph of proximal tibia hemiarthroplasty with su-
ture connecting posterior capsule, PCL, MCL, and ACL to the implant. ACL, anterior
cruciate ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament

16 weeks, they advance to 75% weight-bearing and are allowed to fully
weight-bear at 18 weeks. The hinged knee brace is worn, unlocked for the
first 3 months of full weight-bearing, after which it is discontinued.
Scanograms, or standing full-leg radiographs, were performed annually
following the index procedure, until the patient’s ipsilateral distal femur
physis and contralateral physes were closed. If the measured limb dif-
ference was greater than or equal to 2 cm, an implant lengthening was
offered to the patient. Implants were lengthened 1 cm per procedure. A
patient whose scanogram demonstrated a measured overall limb differ-
ence of less than 5 mm was considered to have equal limb lengths.

Results

A retrospective chart review identified 5 skeletally immature pa-
tients, all diagnosed with a proximal tibia high-grade osteosarcoma, who
underwent tumor resection and reconstruction with a custom CPS
expandable tibia hemiarthroplasty between 2015 and 2019. Patient de-
mographics and functional outcomes are detailed in Table 1.

There were 4 females and 1 male. The mean age at index surgery was
10 years, 5 months [range: 8.8-12.9 years]. The mean tibia resection
length was 162 mm [range: 150-170 mm]. Fig. 3 shows the (A.) preop-
erative radiograph, (B.) MRI, and (C.) postoperative radiographs of case
1 in the series. Resection of the epiphysis was performed, given the
proximity of the tumor to the physis.

The mean implant survival was 59 months [range: 35-83 months].
Two of the five patients required additional surgical procedures. The first
patient (case 1) had 2 implant lengthening procedures, 1 year apart, after
the scanogram revealed an LLD of 2 cm. She was then converted to a
RHTKA 66 months after index surgery for valgus instability, pain, and
radiographic signs of erosion of the lateral femoral condyle, at which
time her physes were closed. Intraoperatively, her lateral condyle carti-
lage wear was grossly visible. The hemiarthroplasty polyethylene did not
exhibit any signs of wear. Her CPS spindle, anchor plug, and proximal
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Figure 2. Intraoperative photograph of knee in extension with posterior,
medial, and lateral structures tied to the implant.

tibia placed at the index procedure were retained. Fig. 4A and B show the
AP tibia radiographs before and after revision to an RHTKA. C and D
show the scanograms before and after revision to the RHTKA.

The second patient (case 2) requiring multiple procedures underwent
a lengthening procedure for a 2-cm LLD on scanogram. The implant was
lengthened 1 cm. Unfortunately, 1 month later, he developed a peri-
prosthetic infection requiring removal of the implant at 38 months after
the index procedure. He was treated with an antibiotic spacer and then
converted to an RHTKA 58 months after index surgery, at which time his
physes were closed. His CPS spindle and anchor plug were retained,
given intact osseointegration or bony fixation at the bone-implant
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interface. The remaining components, including the hemiarthroplasty
component, were replaced, given the prior infection. These two patients
converted to an RHTKA are now 30 and 36 months out from the revision
surgery. They walk unassisted and have equal leg lengths, or a <5 mm
measured difference in overall limb length on the final scanogram. Case 2
has no evidence of recurrent periprosthetic infection.

The remaining 3 patients had no additional procedures. One patient
died from metastatic disease 35 months after index surgery and had an
LLD of 1.5 cm at their last follow-up visit measured on scanogram. The
final two patients are alive with their original implant and have required
no additional procedures at 75 and 83 months from index surgery. They
both walk unassisted and do not have any knee instability. On the last
scanogram demonstrating closed physes, they had overall leg length
measurements within 2 mm. For all 5 patients, at the last follow-up, knee
ROM was 0 to 90-120°. The mean TESS at the last follow-up visit was 90
[80-971.

Discussion

Reconstruction of the proximal tibia in skeletally immature patients,
following resection of a malignant bone tumor, presents the unique
challenges of matching future limb growth of the contralateral limb while
creating a durable construct that will allow for maintenance of function.
Numerous publications describe reconstruction methods around the knee
in pediatric patients with primary bone sarcomas [1,4-6,9-18]. Com-
plications can arise when reconstructing the proximal tibia with either an
osteoarticular allograft or an expandable endoprosthesis and have been
well documented in the literature [13-17,19-22]. There is a need for
continued innovation and research to improve the outcomes for young
children undergoing limb salvage.

This study reports the results of a novel method used to reconstruct
proximal tibia oncologic defects that spares the distal femoral physis and
allows for expansion of the implant to match the longitudinal growth of
the contralateral limb. Since the distal femur physis is not resected or
disturbed, there is a hypothetical reduced risk of developing a clinically
significant LLD, generally defined as greater than 2 cm. Two of the pa-
tients in this cohort did have implant lengthening and subsequent revi-
sion to an RHTKA and now have equal leg lengths, or less than a 5-mm
difference in overall limb lengths on the last scanogram after all physes
had closed. One patient died from the disease with a 1.5-cm LLD. The
other 2 did not require lengthening and have a less than 2-mm difference
in overall limb length on the last scanogram, attributed to ipsilateral
femur overgrowth in one patient and limited contralateral tibia growth in
the other patient. Epiphysiodesis was not performed or considered in any
of the patients. Idowu et al. [15] described the femoral bone growth after
reconstruction with a proximal tibia replacement RHTKA where the
distal femoral physis is disrupted by the implant stem, but not resected. In
12 patients, distal femoral physis growth continued, but 4 (33%) patients
had a >2-cm LLD and 6 (50%) patients had a femoral discrepancy of >2

Table 1.
Patient demographics and outcomes.
Case  Sex Age at surgery Resection length Implant survival Active knee ROM at last Additional Type LLD TESS
(years) (mm) (months) f/u surgeries
1 F 8.8 150 65.5 0-130° 3 LLC None 91
2 M 12.3 170 38.1 0-15-100° 3 LILC None 80
B F 9.3 150 67.0 0-110° None 97
4 F 8.7 170 34.5* 0-95° 15 mm 88
5 F 12.9 170 52.4 0-110° None 95
Mean 10.4 162 51.5 90

f/u, follow-up; ROM, range of motion; LLD, leg length discrepancy; TESS, Toronto Extremity Salvage Score.
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Figure 3. A. AP radiographs of an eight-year-old female with proximal tibia osteosarcoma. B. Post-gadolinium MR coronal and axial images obtained after admin-
istration of neoadjuvant chemotherapy showing residual disease. C. Postoperative AP and lateral radiographs following reconstruction with the custom proximal tibia

hemiarthroplasty implant. AP, anteroposterior; MR, magnetic resonance.

cm. This suggests that the physeal disruption from implant fixation may
not be ideal with respect to future potential limb length in a growing
child.

After an extensive literature search for other tibia hemiarthroplasty
constructs, only a few studies were identified. Chung et al. [24] described
the results of 13 temporary tibial hemiarthroplasties performed as part of
a 3-staged surgery. A revision long-stemmed tibia component and cement
composite was placed at the time of tumor resection. Once the patient
developed an LLD of >5 cm, their provisional implant was removed, and
the soft tissues were lengthened with an Ilizarov frame. Once leg lengths
were even, a nonexpandable proximal tibia RHTKA was placed. The
study reported 3 failures necessitating knee fusion. Patients without
failure underwent >3 surgeries with complications including significant
LLDs and infections. Average ROM was 60-130° [24]. Lozano-Calderon

and Kenan [26] described 3 pediatric patients who received a total
condylar unipolar expandable prosthesis. This implant was fixed to the
residual tibia with a press-fit stem. One patient had arthrofibrosis, and
one patient died due to a secondary malignancy. No long-term outcomes
are reported.

Functional outcomes for the current series of five patients are
favorable compared with patients in the aforementioned proximal tibia
limb-salvage studies. At a follow-up ranging from nearly 3 to 6.9 years,
all surviving patients were ambulatory without an assistive device. One
patient died from metastatic disease 35 months after surgery. Two pa-
tients have not had any additional procedures at 75 and 83 months from
the index procedure. Only 2 patients underwent additional lengthening
procedures. Both patients wore a hinged knee brace for valgus laxity and
did have radiographic signs of lateral femoral condylar erosion.
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C

Figure 4. A. Prerevision radiograph showing condyle wear. B. Postrevision radiograph. C. Prerevision scanogram showing knee valgus deformity. D. Post-

revision scanogram.

Unfortunately, one of these patients developed a periprosthetic infection
1 month after a lengthening procedure, necessitating implant removal
and placement of a cement-coated spacer. He was converted to an
RHTKA and is now doing well 2.5 years later. The second patient
required two additional lengthening procedures, after which she was
converted to an RHTKA for valgus instability and symptomatic erosion
of her lateral condyle, now 3 years ago, and is also doing well. All four
living patients, including the two converted to an RHTKA, retained their
tibial CPS spindle and had radiographic evidence of osseointegration at
the spindle-bone interface. The patients have not suffered any implant
failures or soft tissue complications. Average knee ROM 0-110° reflects
the lack of arthrofibrosis in this small group. A mean TESS of 90 reflects
the ability of these young patients to perform daily activities without
difficulty.

The custom CPS expandable tibia hemiarthroplasty offers potential
advantages where other reconstruction options are limited. CPS implant
fixation has demonstrated excellent long-term survivorship at the bone-
implant interface, equal to or exceeding that of cemented stem fixation
which is more prone to aseptic loosening [28-31]. The CPS anchor plug is
only 5 cm in length, which requires less bone to anchor the implant than
a traditional stemmed implant. All 5 patients retained their original CPS
spindle, even if converted to an RHTKA, and had no evidence of aseptic
loosening on the most recent radiographs.

In our limited series of patients with custom expandable tibia hemi-
arthroplasty implants, 0-2 lengthening procedures were performed per
patient. In other publications describing expandable implants, where
resection or disruption of the distal femoral physis is required for RHTKA
fixation, a higher number of implant expansions were reported per patient.
Picardo et al. [14] described a series of 55 patients who underwent a mean
11.3 [range: 1-40] noninvasive lengthenings of either distal femur or
proximal tibia expandable endoprostheses. One could hypothesize that

fewer minimally invasive lengthenings may decrease the number of op-
portunities for a periprosthetic infection, a known complication of
expandable megaprostheses [14,17,20,21]. However, Tsagozis et al. [20]
did report a higher rate of infections in prostheses with noninvasive
lengthening than in conventional implants that require a minimally inva-
sive lengthening. They attributed these data to the noninvasive expandable
implant being bulkier in an area with generally poor soft tissue coverage.
Grimer et al. [17] reported an overall risk of infection of 68% within 10
years, and the risk per lengthening was 5.1% for proximal tibia expandable
implants. Our cohort is too small to generalize our infection rate of 20% or
one patient or find an association between the number of minimally
invasive implant lengthenings and subsequent outcomes. Furthermore, a
contralateral proximal tibia epiphysiodesis could have been considered
instead of lengthening the proximal tibia implant, but this was not per-
formed. Only 2 of the 5 patients had their implant lengthened prior to
conversion to an RHTKA. The other two are skeletally mature and did not
undergo lengthening. Thus, we cannot determine the ultimate benefit of
placing an expandable tibia hemiarthroplasty implant versus preservation
of the distal femur physis alone.

This case series does have significant limitations. First, there are only
5 patients, one with only 35-month follow-up, given death from disease.
Longitudinal follow-up and inclusion of more patients is critical to better
assess the durability of this construct and long-term outcomes. Only one
biomechanical study looked at possible wear mechanisms of a tibia
hemiarthroplasty construct [23]. More data are needed to understand the
long-term wear pattern and subsequent clinical consequences of poly-
ethylene wear on the cartilage of the distal femoral condyle. Ultimately,
further innovation and collaborative research is required to improve both
systemic therapy for malignant bone tumors and reconstruction methods
that improve quality of life and maintain function after limb salvage for
pediatric patients.
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Conclusion

The current results of this study suggest that a CPS expandable
proximal tibia hemiarthroplasty may be an acceptable alternative to
static osteoarticular allografts or expandable proximal tibia replacement
RHTKA endoprostheses that require disruption or resection of the distal
femoral physis for patients with more than 3 cm of future potential limb
growth. Our small series of patients demonstrate that proximal tibia
hemiarthroplasty reconstruction, after tumor resection in a skeletally
immature patient, is a possible alternative surgical technique to preserve
the distal femoral physis, potentially lessen LLD, and delay conversion to
an RHTKA until after skeletal maturity.

Consent for publication

Complete written informed consent was obtained from the patient,
their guardian, or legal representative for the publication of this study
and accompanying images.

Author contributions

Tyler Kelly: Writing — review & editing, Writing — original draft,
Formal analysis, Data curation. Lee J. Morse: Writing — review & editing,
Data curation, Conceptualization. Rosanna Wustrack: Writing — review
& editing, Formal analysis, Conceptualization. Melissa Zimel: Writing —
review & editing, Writing — original draft, Supervision, Project admin-
istration, Methodology, Investigation, Formal analysis, Data curation.

Funding

There was no funding received for this original research.

Declaration of competing interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments
We would like to acknowledge the contributions of Dr. Richard
O'Donnell who inspired the innovation and success of the limb salvage

program at our institution, while providing exceptional mentorship to his
colleagues and compassionate care to his patients.

References

[1

—

Morris CD, Wustrack RL, Levin AS. Limb-salvage options in growing children with
malignant bone tumors of the lower extremity: a critical analysis review. JBJS Rev
2017;5(7):e7. Jul.

Anderson M. Update on survival in osteosarcoma. Orthop Clin North Am 2016;47:

283-92.

Longhi A, Errani C, De Paolis M, Mercuri M, Bacci G. Primary bone osteosarcoma in

the pediatric age: state of the art. Cancer Treat Rev 2006;32(6):423-36.

Levin AS, Arkader A, Morris CD. Reconstruction following tumor resections in

skeletally immature patients.". J Am Acad Orthop Surg 2017;25(3):204-13.

[5] Hwang JS, Mehta AD, Yoon RS, Beebe KS. From amputation to limb salvage
reconstruction: evolution and role of the endoprosthesis in musculoskeletal
oncology. J Orthop Traumatol 2014;15(2):81-6.

[6] Yao W, Cai Q, Wang J, Gao S. Treatment of osteosarcoma around the knee in

skeletally immature patients. Oncol Lett 2017 Nov;14(5):5241-8.

Knutson G. Anatomic and functional leg-length inequality: a review and

recommendation for clinical decision-making. Part I, anatomic leg-length

[2

—

[3

=

[4

faar

[7

—

[8

[9

[10]
[11]
[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Journal of the Pediatric Orthopaedic Society of North America 9 (2024) 100118

inequality: prevalence, magnitude, effects and clinical significance. Chiropr
Osteopat 2005 Jul;20. 13-11.

Gordon JE, Davis LE. Leg length discrepancy: the natural history and what do we
really know. J Pediatr Orthop 2019 Jul;39(Issue 6):510-3. Supplement 1 Suppl 1.
Ramseier L, Malinin T, Temple H, Mnaymneh W, Exner G. Allograft reconstruction
for bone sarcoma of the tibia in the growing child. J Bone Joint Surg [Br] 2006;
88(1):95-9.

Wilkins RM, Camozzi AB, Gitelis SB. Reconstruction options for pediatric bone
tumors about the knee. J Knee Surg 2005;18(4):305-9.

Groundland J, Binitie O. Reconstruction after tumor resection in the growing child.
Orthop Clin North Am 2016;47:265-81.

Lewis V. Limb salvage in the skeletally immature patient. Curr Oncol Rep 2005;7:
285-92.

Aponte-Tinao L, Albergo J, Ayerza M, Muscolo L, Ing F, Farfalli G. What are the
complications of allograft reconstructions for sarcoma resection in children younger
than 10 Years at long-term followup? Clin Orthop Relat Res 2018 Mar;476(3):
548-55.

Picardo N, Blunn G, Shekkeris A, Meswania J, Aston W, Pollock R, et al. The
medium-term results of the Stanmore non-invasive extendible endoprosthesis in the
treatment of paediatric bone tumours. J Bone Joint Surg Br 2012 Mar;94(3):
425-30.

Idowu O, Babulola O, Abudu A. Femoral bone growth after extendible
endoprosthetic replacement of the proximal tibia in skeletally immature patients.
Acta Orthop Belg 2021;87:443-8.

Nystrom L, Morcuende J. Expanding endoprosthesis for pediatric musculoskeletal
malignancy: current concepts and results.". Towa Orthop J 2010;30:141-9.

Grimer RJ, Belthur M, Carter SR, Tillman R, Cool P. Extendible replacements of the
proximal tibia for bone tumours. J Bone Joint Surg 2000;82:255-60.

San-Julian M, Gémez-Alvarez J, Idoate M, Aquerreta J, Vazquez-Garcia B, Lamo-
Espinosa J. Epiphyseal distraction prior to resection in paediatric bone sarcomas.
Bone Joint Lett J 2023;105-B(1):11-6.

Henderson E, Pepper A, Marulanda G, Binitie O, Cheong D, Letson D. Outcome of
lower-limb preservation with an expandable endoprosthesis after bone tumor
resection in children. J Bone Joint Surg 2012;94(6):537-47.

Tsagozis P, Parry M, Grimer R. High complication rate after extendible
endoprosthetic replacement of the proximal tibia: a retrospective study of 42
consecutive children. Acta Orthop 2018;89(6):678-82.

Tsuda Y, Tsoi K, Stevenson JD, Fujiwara T, Tillman R, Abudu A. Extendable
endoprostheses in skeletally immature patients: a study of 124 children surviving
more than 10 Years after resection of bone sarcomas. J Bone Joint Surg Am 2020
Jan 15;102(2):151-62.

Jeys L, Grimer R, Carter S, Tillman R. Periprosthetic infection in patients treated for
an orthopaedic oncological condition. J Bone Joint Surg Am 2005;87(4):842-9.
McCann L, Ingham Z, Jin Z, Fisher J. An investigation of the effect of conformity of
knee hemiarthroplasty designs on contact stress, friction and degeneration of
articular cartilage: a tribological study. J Biomech 2009 June 19;42(9):1326-31.
Chung S, Jeon D, Cho W, Song W, Kong C, Cho S, et al. Temporary hemiarthroplasty
with a synthetic device in children with osteosarcoma around the knee as a bridging
procedure until skeletal maturity. J Surg Oncol 2015;112:107-14.

Prabowo Y, Primaputra M, Kodrat E. Reconstruction of osteosarcoma of the
proximal tibia using bone on polyethylene hemiarthroplasty knee joint system: a
case report.". Int J Surg Case Rep 2020;72:188-96.

Lozano-Calderon S, Kenan S. Total condylar unipolar expandable prosthesis for
proximal tibia malignant bone tumors in early childhood.". Orthopedics 2011;
34(12):e899-905.

Hindiskere S, Rajan S, Pal U, et al. Hemiarthroplasty of pedicle-frozen proximal
tibia for primary malignant bone tumours. Indian J Orthop 2022 May 30;56(7):
1285-90.

Healey JH, Morris CD, Athanasian EA, Boland PJ. Compress knee arthroplasty has
80% 10-year survivorship and novel forms of bone failure. Clin Orthop Relat Res
2013;471:774-83.

Kagan R, Adams J, Shulman C, Larsen R, Espana K, Yoo J, et al. What factors are
associated with failure of compressive osseointegration fixation. Clin Orthop Relat
Res 2017;475:698-704.

Parlee L, Kagan R, Doung Y, Hayden J, Gundle K. Compressive Osseointegration for
endoprosthetic reconstruction. Orthop Rev 2020 Nov 24;12(3):8646.

Groundland J, Brown J, Monument M, Bernthal N, Jones K, Randall R. What are the
long-term surgical outcomes of compressive endoprosthetic osseointegration of the
Femur with a minimum 10-year follow-up period? Clin Orthop Relat Research
2022;480:539-48.

Isakoff MS, Bielack SS, Meltzer P, Gorlick R. Osteosarcoma: current treatment and a
collaborative pathway to success. J Clin Oncol 2015;33(27):3029-35.

Davis AM, Bell RS, Badley EM, Yoshida K, Williams J. Evaluating functional
outcome in patients with lower extremity sarcoma. Clin Orthop Relat Res 1999 Jan;
358:90-100.

Wallace R, Davoudi M, Neel M, Lachica R. The role of the pediatric plastic surgeon
in limb salvage surgery for osteosarcoma of the lower extremity. J Craniofac Surg
2003;314(5):680-6.


http://refhub.elsevier.com/S2768-2765(24)00944-1/sref1
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref1
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref1
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref2
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref2
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref2
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref3
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref3
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref3
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref4
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref4
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref4
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref5
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref5
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref5
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref5
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref6
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref6
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref6
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref7
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref7
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref7
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref7
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref8
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref8
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref8
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref9
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref9
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref9
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref9
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref10
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref10
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref10
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref11
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref11
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref11
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref12
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref12
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref12
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref13
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref13
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref13
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref13
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref13
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref14
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref14
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref14
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref14
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref14
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref15
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref15
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref15
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref15
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref16
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref16
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref16
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref17
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref17
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref17
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref18
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref19
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref19
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref19
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref19
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref20
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref20
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref20
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref20
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref21
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref21
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref21
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref21
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref21
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref22
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref22
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref22
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref23
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref23
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref23
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref23
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref24
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref24
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref24
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref24
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref25
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref25
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref25
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref25
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref26
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref26
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref26
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref26
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref27
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref27
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref27
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref27
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref28
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref28
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref28
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref28
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref29
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref29
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref29
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref29
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref30
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref30
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref31
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref31
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref31
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref31
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref31
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref32
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref32
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref32
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref33
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref33
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref33
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref33
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref34
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref34
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref34
http://refhub.elsevier.com/S2768-2765(24)00944-1/sref34

	Proximal Tibia Hemiarthroplasty Reconstruction Following Resection of Malignant Bone Tumors in Skeletally Immature Patients
	Introduction
	Materials and methods
	Surgical indications
	Custom implant specifications
	Surgical technique
	Postoperative protocol

	Results
	Discussion
	Conclusion
	Consent for publication
	Author contributions
	Funding
	Declaration of competing interests
	Acknowledgments
	References


