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Abstract

Aims: We evaluated survivorship, outcomes, and failures of an interlocking, reconstruction mode 

stem-sideplate implant used to preserve the native hip joint and achieve proximal fixation when 

there is little residual femur during large endoprosthetic reconstruction of the distal femur.

Patients and Methods: Fourteen patients underwent primary or revision reconstruction of a 

large femoral defect with a short remaining proximal femur using an interlocking, reconstruction 

mode stem-sideplate for fixation after oncologic distal femoral and diaphyseal resections. None of 

these were amenable to standard cemented or uncemented stem fixation. Patient and disease 

characteristics, surgical history, final ambulatory status, and Musculoskeletal Tumor Society 

(MSTS) score were recorded. The percentage of proximal femur remaining was calculated from 

follow-up radiographs.

Results: All 14 at-risk native hip joints were preserved at final follow-up of 4.7 years +/− 3.3 

years, despite a short residual femur, often after proximal osteotomies through the lesser 

trochanter. Thirteen of 14 stems had long term successful fixation. Eight patients required no 

reoperation. Three patients required reoperation due to implant-related issues, and three patients 

required reoperation for wound healing problems or infection. There were no dislocations or 

fractures. Nine patients required no ambulation aids, and only one had a Trendelenburg gait.

Conclusion: This interlocking, reconstruction mode stem-sideplate reliably preserves native hip 

joint anatomy and function after large femoral resection with a short remaining proximal femur, 

both in the primary and revision setting. This is particularly important for preventing or delaying 

total femoral replacement in young patients after oncologic reconstruction. Hip abductor strength 

and function could be maintained by this method, and the risk of dislocation eliminated. The 
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success of the method in this modest series should be verified in a larger collaborative study and 

will be of interest to revision surgeons as well as oncologists.
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reconstruction screw fixation; megaprosthesis

INTRODUCTION

Large resections of the femur for skeletal tumours can leave short proximal segments 

adjacent to the hip, limiting proximal fixation of an implant, increasing the risk of 

dislocation and compromising abductor function if it cannot be preserved. This difficult 

situation can also be encountered in the setting of revision surgery, where bone loss from 

previous reconstructions leaves little proximal femur left for fixation. Several reconstructive 

options have been explored, each with their unique drawbacks. Short conventional stems 

leave relatively little fixation surface to counteract large lever-arm and rotational forces, 

likely leading to higher rates of aseptic loosening.1 Allograft-prosthetic composite (APC) 

reconstructions restore diaphyseal bone stock and facilitate the use of longer stems, but have 

a nonunion rate requiring further surgery that can approach 30%.2 When there is at least 5 

cm of residual femur, the telescope method to intussuscept and overlap allografts can restore 

femoral diaphyseal bone stock and allow durable cemented fixation.3 Novel implants such as 

Compress ® (Biomet-Zimmer, Warsaw, IN, USA) can be used when there is 4–8 cm of 

residual subtrochanteric bone, but there are no reports documenting success rates when there 

is limited proximal fixation. Replacement of the entire femur is probably the most facile 

solution for the surgeon, but has a high infection rate and only fair functional restoration.4–6 

Finally, custom implants have been used in this scenario, with varying degrees of success.7–9

Custom prostheses have been used in this clinical scenario for decades. Many of these 

designs evolved from the Stanmore bifid or “rhino” prostheses, which had a curved stem 

extending into the femoral neck, and was cemented.10 Kotz demonstrated the usefulness of a 

sideplate for rotational stability, as well as the ability of cementless stems to achieve durable 

fixation, predominantly in the tibia and distal femur.11 The helpful addition of cross-pin 

fixation to improve rotational stability was demonstrated by Cannon and again by Bernthal, 

but these stems were still cemented.9, 12 The stem used in the current study incorporates the 

best attributes of each of the previous designs, which include: an attached sideplate, screw 

fixation capturing the sideplate and stem in a “reconstruction” mode, a rectangular stem 

cross-section to resist rotational forces, a taper junction that attaches to a standard modular 

endoprosthetic system, and a porous ingrowth surface, which is probably the best long-term 

fixation strategy for young patients.13, 14 Here, we present the clinical indications, mid-term 

survivorship, clinical outcomes, and reasons for reoperations of this stem-sideplate implant 

designed for short proximal femoral segments.
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PATIENTS, MATERIALS, AND METHODS

Implant Design and Technique

The interlocking reconstruction-mode, stem-sideplates were individually designed using CT 

data. They contained the common characteristics of an intramedullary stem, a collar, an 

extramedullary plate, slots or holes to accommodate interlocking screws, and a modular 

taper (Figure 1). The intramedullary stem is a titanium-6 aluminum-4 vanadium substrate 

with plasma-sprayed titanium porous coating for biologic fixation. A corresponding custom 

manufactured rasp measuring 0.75 mm less than the porous-coated stem (Figure 2) was used 

to prepare the medullary canal in the intertrochanteric space and base of the femoral neck.

The collar is sized to be slightly larger than the extra-cortical diameter of the bone at the 

planned resection level. Stem collars are at least 2 cm thick to accommodate two 

transversely aligned threaded holes to which the extramedullary plate screws in. This 

modular extramedullary plate follows the contour of the bony anatomy of the proximal 

femur or greater trochanter. The adjustable attachment of the extramedullary plate facilitates 

insertion, avoids passively misdirecting the stem during insertion, and is secured by 

compression screws after final impaction of the implant. Porous coating is applied to the 

side of the plate facing bone. The plate is thick enough to provide adequate rigidity to the 

construct, yet thin enough that hand held plate benders can be used to make final geometric 

adjustments, and conform to the bone when compression screws are applied. Spacer shims, 

which can be placed between the stem and plate, are also provided so that the distance from 

stem centerline to plate may be adjusted intraoperatively.

The intramedullary stem and extramedullary plate are manufactured to accommodate 

oblique interlocking screws oriented in “reconstruction” mode based on the femoral neck 

anteversion and varus-valgus alignment of the neck shaft angle based on preop CT 

measurements. The screws were leveraged from a commercially available trauma nail 

system (Figure 3). Hole diameters and slot widths were chosen in accordance with the 

quantity and quality of bone available for screw purchase and the availability of standard 

screws. Hole and slot dimensions were chosen in proportion to the stem diameter to avoid 

unacceptable weakening of the critical stem cross-sections.

The custom implants include a modular taper junction for connection to an appropriate 

commercially available modular segmental replacement system to recreate limb length. Most 

commonly, these custom stems are used with a segmental distal femoral rotating hinged 

knee, but can also be used with an intercalary device after diaphyseal tumour resection.

Patients

Fourteen patients from 2002 to 2018 had interlocking reconstruction-mode stem-sideplates 

custom-manufactured. and 13 of 14 were implanted by the senior author (JHH. Approval for 

this study was granted by the Institutional Review Board (IRB 16–1123). Follow-up was 

performed at the same institution. Patient and surgical data was retrospectively reviewed 

from the medical record. The rationale to select this reconstruction could not be determined 

retrospectively for each patient. However, during this time frame, the alternative procedures 

were rarely done. Total femur replacement was only done if there was proximal tumour 
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extension into the intertrochanteric area, (N = 2) radiotherapy was planned that could 

interfere with osteointegration into the porous prosthesis (N = 2), or there was significant 

pre-existing hip arthritis (N = 1). Primary rotationplasty was reserved for patients less than 

12 years old with substantial remaining growth potential, and there were no salvage 

rotationplasties done in this epoch. All other patients received this implant when there was a 

6 week interval available for the design and manufacture of the prosthesis. Demographics, 

date of surgery and final follow-up, oncologic indication, secondary indication for revision 

surgery, previous surgeries, subsequent surgeries, and radiographic outcomes were recorded. 

The primary outcome measures were of hip preservation and prosthetic retention. Failures 

were classified according to the Henderson Failure Mode Classification.15 Secondary 

outcome measures included function analyzed by clinical appearance of gait at final follow-

up, the use of ambulatory assistive devices, and the Musculoskeletal Tumor Society (MSTS) 

system that also captured these critical features.16

Variables and Statistical Analysis

The primary outcome of this study was hip preservation and prosthesis survival. Patient age 

at the time of surgery and final follow-up, percentage of femur remaining, and reoperations 

were analyzed using descriptive statistics. Means, standard deviations (SD), and descriptive 

statistics were carried out using Microsoft Excel software (Microsoft, Redmond, 

Washington).

Individual patient characteristics are listed (Table 1). Mean age was 36 ± 14 years and mean 

follow up was 4.7 ± 3.3 years. There were 9 men and 5 women. Four patients had the 

custom implant placed during primary surgery for sarcoma resection (Figure 3). The custom 

implant was used during revision surgery in the other 10 patients (Figure 4). Patients who 

underwent revision with this implant had mean 3.6 (range 1–11) previous operations. 

Oncologic diagnoses included osteogenic sarcoma (10), Ewing sarcoma (2), pleomorphic 

sarcoma (1), and giant cell tumour of bone (1). Secondary diagnoses that necessitated 

revision reconstructive surgery included infection (3), aseptic loosening of a previous 

implant (7), and periprosthetic fracture (1). Ten custom implants were part of a distal 

femoral replacement; four were included as part of an intercalary prosthesis. The short 

proximal femur remaining was 24% (SD 1.5%) and 8 of 14 retained ≤ 20% of their femur.

RESULTS

The interlocking reconstruction mode, stem-sideplate design was clinically and 

radiographically successful. At final follow-up, all patients maintained their native hip joint. 

13 of 14 stems were retained with durable fixation. One patient had early aseptic loosening 

and was revised with an analogous uncemented implant. One construct required revision of a 

broken screw and achieved long term stable fixation of the original stem. Nine patients 

required no ambulation aid, 3 required a cane, and 2 required one crutch. Only one patient 

had a noticeable Trendelenburg gait. The mean MSTS score was 24 (range 16–30). The 

patient with an MSTS score of 16 had the custom implant placed after treatment for chronic 

periprosthetic infection and an absent quadriceps. This individual experienced reinfection 
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and underwent 11 subsequent operations with retention of their implant and suppressive 

therapy for their infection. All other patients had an MSTS score >20 with a mean of 24.6.

Eight patients required no reoperation. The 6 patients who required further surgery averaged 

1.4 ± 2.8 additional procedures. Failures are categorized according to Henderson et al. 

(Table 2).15 The patient with infection and 11 subsequent operations experienced a 

dislocation of the non-articulated rotating hinge knee replacement, requiring knee, but not 

hip revision surgery. This was the only Type 1 (soft tissue) failure. There were two Type 2 

(aseptic loosening) events described above. One was rapid after implantation by a surgeon 

inexperienced with the implant, and was salvaged with revision using an analogous implant. 

The second patient had the implant salvaged by revision of the interlocking screw fixation 

and retention of the stem. Two patients experienced Type 3 (structural) failures of their 

implant – consisting of fractures of the taper at the modular junction between the custom 

stem and the rest of the modular prosthesis. Both were successfully revised with retention of 

the custom stem-sideplate. No patient required revision of his or her custom prosthesis for 

Type IV (infection) or Type IV (tumour progression) failure.

There were additional surgical complications not related to the interlocking reconstruction-

mode stem-sideplates. One patient had an unplanned leg-length discrepancies of 2-cm 

Another had a planned discrepancy and lengthening procedure. One patient required revision 

surgery for aseptic loosening of their tibial component. Finally, one patient require 

reoperation to drain a hematoma.

DISCUSSION

The problem of fixation of a megaprosthesis in a short proximal femoral segment in 

musculoskeletal tumour surgery is not new, and the techniques and prostheses used to 

address this problem have evolved over time. Our cohort demonstrated that this interlocking 

reconstruction-mode, stem-side plate was feasible and very effective in achieving fixation in 

short residual proximal femoral segments despite demonstrating common complications 

associated with all megaprosthetic surgery. All hips at risk were retained, avoiding total 

femur replacement and its corresponding functional consequences of weakness, limp, and 

instability. There were two cases of fracture at the modular taper junction, which implies that 

fixation at the stem-bone interface was so secure that forces were then transferred to the 

taper junction. There were no periprosthetic fractures. This is the result of strong initial 

fixation, optimization of the stem position, and stabilization of the entire remaining short 

femoral segment.17 The only case requiring revision for early loss of fixation reasons was 

performed by a surgeon inexperienced with the implant and was successfully revised using 

the same implant. Plain radiographs showed persistence of the bone stock and no stress 

bypass effect during this early to mid follow-up time frame, concerning consequences that 

developed in interlocking screw and side plate constructs of the distal femur and proximal 

tibia.18 The interlocking reconstruction-mode stem-sideplates preserved at-risk hips with 

short residual proximal femoral segments.

Historically several surgeons used the rhino prosthesis, which was a cemented horn-shaped 

proximal femur stem that curved into the femoral neck. These initially performed well, but 
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eventually loosened or fractured the neck of the femur).10 In general, custom cemented 

distal femur replacements experienced a high rate of aseptic loosening, and different 

strategies were explored to mitigate this mode of failure.19 Kotz first implanted custom 

cementless stems with sideplates and interlocking or non-interlocking screw fixation in 

1975.18 This concept was then developed into a comprehensive 26-piece system in 1982, 

and outcomes on 52 patients were published in 1986.7, 11 Subsequent reports demonstrated 

improved aseptic loosening rates compared to cemented implants.20–22 However, these 

implants had profound stress bypass effects and mechanical complication rates of 5%–12%, 

and have been replaced by more modern segmental systems.20, 21, 23 However, extra-cortical 

plate attachment has been relegated to use in individualized implant designs.24

Custom cross-pin fixation with cemented prosthesis, but without the use of a side plate is 

effective in preventing aseptic loosening at mid-term follow-up, and remains durable in the 

long term.9, 12 However, mechanical failure and aseptic loosening still occur with those 

designs, as cement does not gain biologic fixation and requires smaller stems to make room 

for a cement mantle. Our cohort, while demonstrating common complications associated 

with all megaprosthetic surgery, avoids aseptic loosening if initial stability is achieved. The 

only case requiring revision for fixation reasons was performed by a surgeon inexperienced 

with the implant and was successfully revised using the same implant. There were two cases 

of fracture at the modular junction, which implies that fixation at the stem-bone interface 

was so secure that forces were then transferred to the taper junction. Finally, there were no 

periprosthetic fractures, which is the result of strong initial fixation and the ability to plan for 

ideal stem position.17

The goal of this custom implant is to preserve the at-risk hip joint and prevent loss of the 

abductor mechanism. Loss of abductor strength increases the energy expenditure of walking 

to 141% of normal.6 As a result, patients with proximal femoral replacement experience 

significantly lower functional outcomes.25–30 Younger patients fare worse, experiencing 

higher rates of aseptic loosening and instability.31 Studies have shown that sacrifice of two 

joints during endoprosthetic reconstruction is associated with significantly worse function 

than one joint. As expected, total femur replacements have even lower functional scores than 

distal femoral replacements.32 In primary reconstructions patients achieve reasonable 

functional results, but still suffer from instability, especially when the abductors cannot be 

effectively tied secured to the prosthesis.33–35 However, in the revision setting, complication 

rates are high and restoration of abductor function is poor, so the majority of patients require 

ambulatory aids.36–39 Therefore, especially in young oncology patients with long life 

expectancies, it is imperative to preserve the hip joint and abductor attachments, both for 

function and to decrease the number of future complications and operations.

This study has several limitations inherent to the population being studied. It is a small case 

series, there was no control group, and it could not be determined retrospectively it could not 

be determined retrospectively why this approach was selected. However, during this time 

frame, alternative procedures were rarely done and this procedure progressively replaced the 

previously popular alternatives at our institution, the telescoped alloprosthetic replacement 

and the short fixation Compress® replacement due to the senior author’s subjective sense 

that it was more effective and dependable. Total femur replacement was only done if there 
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was proximal extension into the intertrochanteric area, radiotherapy was planned that could 

interfere with osteointegration into the porous prosthesis, or there was significant pre-

existing hip arthritis. Rotationplasty was reserved for patients less than 12 years old with 

substantial remaining growth potential. All other patients received this implant when there 

was a 6-week interval available for the design and manufacture of the prosthesis. These 

limitations are common in orthopaedic oncology due to the rarity of the diseases treated and 

cannot be overcome by a single center. It is not clear how easily this concept and design can 

be generalized to other manufacturers, institutions, or surgeons.

This custom interlocking reconstruction-mode stem-sideplate implant preserved all adjacent 

hip joints and abductors, and stems survived at mid-term follow-up, despite complications 

associated with megaprosthesis surgery that were design-independent. Although direct 

comparison to alternative reconstructions is impossible, the authors are not aware of 

published series of bone, prosthetic, or hybrid reconstructions with better results under these 

challenging conditions.2, 3, 12, 24, 40–42 Most importantly, functional outcomes are at least as 

good as those published to those offered by primary and revision total femur replacement.
5, 34, 36–39, 43 This study demonstrates the mid-term success of this cementless custom 

interlocking reconstruction-mode stem-sideplate implant for fixation in a short proximal 

femur segment, with two patients’ implants having greater than 10 year survivorship. Only 

one patient had a noticeable limp at final follow-up, and 9/14 required no ambulatory aid. 

This option is compelling if the goal is to save a short residual proximal femur for fixation of 

a distal femoral reconstruction. The success of the method in this modest series should be 

verified in a larger collaborative study, and the relative merits of this implant can only be 

proven by direct comparison with alternative strategies. The results will be of interest to 

revision surgeons as well as oncologists.
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TAKE HOME MESSAGE

• The interlocking stem-sideplate construct successfully preserves hip anatomy 

and function the limitations of short residual proximal femoral segments in 

primary or revision reconstructions.
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Figure 1: 
Diagram of custom stem-sideplate prosthesis including important features.
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Figure 2: 
Photograph of the custom stem-sideplate prosthesis with “reconstruction” screw aiming 

guide.
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Figure 3: 
Post-operative anteroposterior radiograph of a primary implantation of a custom stem-

sideplate prosthesis with interlocking “reconstruction” mode screws coupled to a modular 

distal femoral replacement.
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Figure 4. 
Secondary reconstruction of a failed, infected distal femoral replacement after osteosarcoma. 

a. Antero-posterior radiograph shows a pin-cement spacer and malalignment of the short 

proximal femoral segment. b. Lateral radiograph shows drastic malalignment of the short 

segment and the spacer. c. Oblique radiograph shows the distal femoral spacer. d. Antero-

posterior radiograph shows stable fixation of the stem-side plate 10 years and 7 months after 

reconstruction. e. Lateral radiograph shows stable fixation 10 years and 7 months after 

reconstruction.
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Table 1:

Patient Demographics and Characteristics

Age (years) 36 ± 14

Follow-up (years) 4.7 ± 3.3

Disease

 Osteogenic sarcoma 10

 Ewing sarcoma 2

 Giant cell tumour of bone 1

 Pleomorphic sarcoma 1

Secondary Indication

 Periprosthetic infection 3

 Aseptic loosening 7*

 Periprosthetic Fracture 1*

Implants

 Distal femur replacement 10

 Intercalary replacement 4

Previous surgeries (range) 3.6 (0 – 11)

Chemotherapy 12

Radiotherapy 1

*
= single patient who sustained both events
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Table 2:

Reoperation and Revision Classified According to Henderson el al.15

Reoperations Patients Stem Revisions

Type 1 (soft tissue) 7 1 0

1 dislocation

3 wound revisions

3 flap revisions (one patient)

Type 2 (aseptic loosening) 5 2 1

2 screw exchanges

1 tibial component

1 custom stem-sideplate

Type 3 (structural failure) 2 2 fractured taper junctions 2 0

Type 4 (infection) 6 1 patient 1 0

Type 5 (tumour progression) 0 0 0
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