
Hip-PreservedReconstructionUsing a
Customized Cementless Intercalary
Endoprosthesis With an Intra-Neck
Curved Stem in Patients With an
Ultrashort Proximal Femur: Midterm
Follow-Up Outcomes
Qi You1,2†, Minxun Lu1,2†, Li Min1,2, Yuqi Zhang1,2, Jie Wang1,2, Yitian Wang1,2,
Chuanxi Zheng1,2, Yong Zhou1,2* and Chongqi Tu1,2*

1Department of Orthopedics, West China Hospital, Sichuan University, Chengdu, China, 2Bone and Joint 3D-Printing and
Biomechanical Laboratory, Department of Orthopedics, West China Hospital, Sichuan University, Chengdu, China

Background: Hemiarthroplasty is widely used for proximal femoral reconstruction after
tumor resection. However, complications of hemiarthroplasty include infection, hip
dislocation, and acetabular wear. This study aimed to: (1) evaluate the reliability and
validity of a customized cementless intercalary endoprosthesis (CCIE) with an intra-neck
curved stem (INCS) to reconstruct femoral diaphyseal defects with an ultrashort proximal
femur (UPF); (2) assess the lower extremity function after reconstruction with this
endoprosthesis; and (3) identify the postoperative complications associated with the
use of this endoprosthesis.

Methods: Between October 2015 and May 2019, 13 patients underwent reconstruction
with a CCIE with an INCS. The distance from the center of the femoral head to the midline
of the body and the apex of the acetabulumwasmeasured preoperatively. Additionally, the
distance from the tip of the INCS to the midline of the body and the apex of the acetabulum
wasmeasured postoperatively. The femoral neck–shaft angle was alsomeasured pre- and
postoperatively. After an average follow-up duration of 46 months, the radiological
outcomes of the CCIE with an INCS were analyzed. Function was evaluated with the
Musculoskeletal Tumor Society (MSTS) score. Pain was measured using a paper visual
analog scale (VAS) pre- and postoperatively, and complications were recorded.

Results: Compared with our preoperative design, we found no significant difference in the
postoperative distance from the tip of the INCS to the body midline (p = 0.187) and the
apex of the acetabulum (p = 0.159), or in the postoperative femoral neck–shaft angle (p =
0.793). Thus, the INCS positions were deemed accurate. The averageMSTS score was 26
(range: 24–28), and the VAS score was significantly decreased postoperatively compared
with preoperatively (p < 0.0001). No patients developed aseptic loosening, infection,
periprosthetic fracture, or prosthetic fracture as of the last follow-up.

Edited by:
Chao Zhao,

University of Alabama, United States

Reviewed by:
Tao Ji,

Peking University People’s Hospital,
China

He Song,
University of California, Los Angeles,

United States

*Correspondence:
Chongqi Tu

Tucq@scu.edu.cn
Yong Zhou

yongzhou0802@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Biomaterials,
a section of the journal

Frontiers in Bioengineering and
Biotechnology

Received: 15 October 2021
Accepted: 21 January 2022

Published: 28 February 2022

Citation:
You Q, Lu M, Min L, Zhang Y, Wang J,
Wang Y, Zheng C, Zhou Y and Tu C
(2022) Hip-Preserved Reconstruction

Using a Customized Cementless
Intercalary Endoprosthesis With an
Intra-Neck Curved Stem in Patients
With an Ultrashort Proximal Femur:

Midterm Follow-Up Outcomes.
Front. Bioeng. Biotechnol. 10:795485.

doi: 10.3389/fbioe.2022.795485

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org February 2022 | Volume 10 | Article 7954851

ORIGINAL RESEARCH
published: 28 February 2022

doi: 10.3389/fbioe.2022.795485

http://crossmark.crossref.org/dialog/?doi=10.3389/fbioe.2022.795485&domain=pdf&date_stamp=2022-02-28
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795485/full
http://creativecommons.org/licenses/by/4.0/
mailto:Tucq@scu.edu.cn
mailto:yongzhou0802@163.com
https://doi.org/10.3389/fbioe.2022.795485
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://doi.org/10.3389/fbioe.2022.795485


Conclusion: The CCIE with an INCS was a valid and reliable method for reconstructing
femoral diaphyseal defects with a UPF following malignant tumor resection. Postoperative
lower extremity function was acceptable, with an appropriate individualized rehabilitation
program, and the incidence of complications was low.

Keywords: hip preservation, customized cementless intercalary endoprosthesis, intraneck curved stem, ultrashort
proximal femur, tumor

INTRODUCTION

Resection of femoral diaphyseal tumors with proximal femoral
extension often results in an intercalary skeletal defect with an
ultrashort proximal femur (UPF) and presents a reconstructive
challenge for orthopedic surgeons. If intercalary resection of a
malignant bone tumor can be performed with preservation of the
adjacent joints, the expected function is superior as the patient’s
native joints above and below the reconstruction are left
undisturbed (Fuchs et al., 2008; Panagopoulos et al., 2017;
Zekry et al., 2019). Because of accurate preoperative imaging
techniques, early diagnosis, and effective chemotherapy, femoral
diaphyseal tumors with a long proximal femoral extension can be
segmentally resected with joint preservation (Zekry et al., 2017).
Alternative surgical reconstruction options include the induced
membrane technique (Masquelet and Begue 2010; Accadbled
et al., 2013), distraction osteogenesis (Subasi and Kapukaya
2003), autografts (Qu et al., 2015a; Houdek et al., 2017),
allografts (Aponte-Tinao et al., 2018; Houdek et al., 2018),
combined autografts and allografts (Capanna et al., 2007), and
customized intercalary endoprostheses (Hanna et al., 2010;
Stevenson et al., 2017). The induced membrane technique is
an alternative method for lesions of the upper limb, and this
method can prevent graft resorption and induce the secretion of
growth factors. However, the induced membrane technique is a
two-stage procedure and is difficult in lower limb reconstructions
owing to higher stress loads (Masquelet and Begue 2010; Qu et al.,
2015b). Distraction osteogenesis can achieve good biological
reconstruction after successful operation; however, long
external fixation time, limb bearing limitations, infection, and
skin and soft tissue cutting injuries are disadvantages of this
technique (Demiralp et al., 2014). Autografts with free
vascularized fibular grafts (FVFG) have good bone tissue
compatibility, do not undergo resorption by creeping
substitution, and can incorporate into the adjacent host bone
directly via bone union (Bae et al., 2005). However, FVFGs have
small cross-sectional areas and are weaker than the femur.
Furthermore, sufficient fibular thickness to allow full weight-
bearing requires a long time to achieve hypertrophy through
pressure transport, microfractures, and callus formation (Chen
et al., 2007; Demiralp et al., 2014). Allografts can result in
biological reconstruction of bone defects and preserve host
bone stock without donor site morbidity (Bus et al., 2014).
However, allografts are associated with high rates of infection,
fracture, and delayed union or nonunion (Ortiz-Cruz et al., 1997).
Combined autografts and allografts combine the biological
activity of FVFGs with the initial mechanical strength of
allografts. Moreover, FVFGs facilitate host–allograft union and

minimize allograft failures (Capanna et al., 2007). However, this
approach is associated with complications, such as infection,
fracture, nonunion, or donor site complications. Moreover, the
risk of anastomosis failure by thrombosis is a concern (Rabitsch
et al., 2013).

Compared with other reconstruction methods, the available
literature on femoral intercalary endoprostheses is scarce.
Reconstruction with a customized femoral intercalary
endoprosthesis avoids prolonged immobilization compared
with autograft and allograft reconstructions and provides
immediate stability, early weight-bearing, rapid
rehabilitation, short hospital stay, and the ability to tolerate
chemotherapy and radiotherapy after incisional healing.
However, several complications related to customized
endoprosthetic replacement are frequently encountered,
namely aseptic loosening, mechanical failure, infection, and
periprosthetic fracture (Dieckmann et al., 2014; Qu et al.,
2015a). Especially in the reconstruction of femoral
diaphyseal defects with a UPF, the contact area between the
endoprosthetic stem and cancellous bone is insufficient.
Additionally, the trochanteric region contains inadequate
cancellous bone, which effects cement interdigitation for
cemented femoral intercalary endoprostheses.

In our institution, we defined a UPF as the length of the
residual proximal femur of ≤80 mm (the length from the
pyriform fossa to the osteotomy level). For femoral diaphyseal
defects with a UPF, there is currently no standard treatment
choice. To make the endoprosthetic stem better match the
curvature of the residual proximal femur, we use a customized
cementless intercalary endoprosthesis (CCIE) with an intra-neck
curved stem (INCS) to reconstruct femoral diaphyseal defects
with a UPF. To our knowledge, the clinical results of using a
CCIE with an INCS for reconstructing femoral diaphyseal
defects with a UPF have not been evaluated previously.
Therefore, the aims of this study were 1) evaluate the
reliability and validity of a CCIE with an INCS to
reconstruct femoral diaphyseal defects with an UPF; 2)
assess the lower extremity function after reconstruction
with this endoprosthesis, and 3) identify the postoperative
complications associated with the use of this endoprosthesis.

MATERIALS AND METHODS

Ethical Considerations
The retrospective study was conducted and approved by the
ethics committee of the author’s institution. Each participant
provided written informed consent to participate in this study.
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Patients
Between October 2015 and May 2019, 13 patients underwent
reconstruction with a CCIE with an INCS. After an average
follow-up duration of 46 months (range: 24–67 months), one
patient died of lung metastases, and the remaining 12 patients
were still alive. The surgical stage was determined according
to the Enneking bone and soft tissue sarcoma staging system
(Enneking 1986) (Table 1). Biopsy was performed for each
patient before undergoing definitive surgery. The length of
the required bone resection was measured by preoperative
X-ray, computed tomography (CT), single-photon emission
CT, and magnetic resonance imaging (Figure 1). The
patients’ clinical characteristics, namely age, sex, tumor

size, defect length, and the length of the residual proximal
femur were collected.

Stem Design and Fabrication
The stem was designed to be arc-shaped. The center of the stem
was a solid structure, the medial porosity of the stem was 50%,
and the lateral porosity was 70% (Supplementary Figure S1).
Two fins and a lock hole were designed in the curved stem. The
diameter of the base of the stem was equal to the diameter of the
inner surfaces of the femoral cortices. To maintain strength, the
diameter of the curved stem was gradually reduced between the
intertrochanteric region and femoral head-neck junction, where
the diameter of the stem was about 2/3 the diameter of the

TABLE 1 | Surgical indications and stage of disease.

Patient no. Age Sex Diagnosis Metastasis Enneking stage Indication

1 47 M Osteosarcoma 0 IIB Primary sarcoma
2 34 F Osteosarcoma 0 IIB Primary sarcoma
3 46 F Chondrosarcoma 0 IIB Primary sarcoma
4 16 M Osteosarcoma 0 IIB Primary sarcoma
5 10 M Osteosarcoma Lung IIIB Primary sarcoma
6 14 M Ewing sarcoma 0 IIB Primary sarcoma
7 34 F Osteosarcoma 0 IIB Primary sarcoma
8 13 F Ewing sarcoma 0 IIB Primary sarcoma
9 24 M Myofibroblastic sarcoma 0 IIB Primary sarcoma
10 20 M Ewing sarcoma 0 IIB Primary sarcoma
11 18 F Chondrosarcoma 0 IIB Primary sarcoma
12 16 M Osteosarcoma 0 IIB Primary sarcoma
13 14 M Ewing sarcoma 0 IIB Primary sarcoma

M, male; F, female.

FIGURE 1 | All patients underwent en bloc tumor resection followed by reconstruction with the customized cementless intercalary endoprosthesis with an
intra-neck curved stem. (A) Anteroposterior radiograph of the left femur of a patient with a femoral diaphyseal osteosarcoma. (B) Computed tomography (CT) image of
the left femur. (C) Single-photon emission whole-body CT image. (D)Magnetic resonance image of the patient’s left upper leg. (E)Postoperative radiograph of the femur.
(F) Postoperative tomosynthesis with Shimadzu Metal Artefact Reduction Technology (T-smart) of the femur 7 days after surgery showing stable femoral
diaphyseal reconstruction.
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medullary cavity. The curvature of the curved stem was mainly
based on the medial cortex of the femoral neck and made
approximately change. The diameter of the end of the curved
stem was greater than 10 mm. The tip of the curved stem was
designed in a “beak shape” (Supplementary Figure S2).

All INCSs were designed by our clinical team and fabricated by
Chunlizhengda Medical Instruments (Tongzhou, Beijing, China).
Three-dimensional CT image files were imported to Mimics
V20.0 software (Materialise Corp., Leuven, Belgium) to build
three-dimensional tumor and femoral models. The tumor
margin was determined by CT, magnetic resonance imaging,
and single-photon emission CT based on a three-dimensional
model, then the osteotomy plane was obtained. According to
the anatomical shape of the proximal femur, the preliminary
shape of the INCS was designed using SOLIDWORKS
software (Dassault Systèmes SOLIDWORKS Corp.,
Waltham, MA, United States). Next, the shape and
appearance of the INCS was optimized using Geomagic
Studio software (Geomagic Inc., Morrisville, NC,
United States). Finally, the INCS was separated and
generated in Magic V20 software (Materialise Corp.). The
INCS models were saved as stereolithography files and
imported to Mimics to simulate implantation.
Endoprostheses were fabricated by electron beam melting
technology (Arcam Q10plus; Arcam, Mölndal, Sweden), and
the plastic trial models were fabricated with the
stereolithography appearance technique (UnionTech Lite
450HD; UnionTech, Shanghai, China).

Surgical Technique
All operations were performed by the same senior surgeon
(Chongqi Tu). The patients were placed in lateral recumbency,
and a lateral approach was used in all cases. Tumors were resected
en bloc, and soft tissue was removed in accordance with the results
of the preoperative simulation. The degree of the osteotomy plane
was controlled exactly to minimize the potential for a misfit
between the customized curved stem and the residual proximal
femur. After en bloc resection of the tumor, cancellous bone was
removed from the osteotomy surface with a bone curette. The tip
of the customized guide needle was pressed into the center of the

femoral head with a mobile C-arm. We then used a flexible
reamer with different diameters (Figure 2) with the customized
guide needle in the center to gradually enlarge the medullary
cavity of the residual proximal femur. To minimize bone loss and
maximize primary stability of the prosthesis, the residual
proximal femur was under-reamed by 0.5 mm. Thereafter, to
achieve a stable press-fit, additional reaming at 0.5-mm
increments was performed if needed. The direction of the
femoral head was marked before the osteotomy; thus, rotation
was controlled using the position of the femoral head marks as a
guide when the endoprosthesis was implanted. We fit a plastic
trial model smaller than the endoprosthesis first to verify that the
residual proximal femur and the INCS matched. The correctly-
sized endoprosthesis was then implanted, and the previously
harvested cancellous bone was grafted.

Postoperative Management
After surgery, the patients were routinely given prophylactic
intravenous antibiotics for 48 h. The rehabilitation program
was designed according to the surgeon’s intraoperative
assessment. Generally, patients underwent bed rest for 2–3
weeks. The lower extremity was maintained in a neutral
position, and knee and ankle flexion and extension exercises
were performed in bed during this period. Partial weight-
bearing was initiated using two crutches after week 3, and
hip flexion and abduction exercises were initiated after week 4.
Partial walking weight-bearing, using one crutch, was allowed
after week 8. Progression to full weight-bearing was initiated
after week 12.

As per our protocol, follow-up assessments were performed
monthly during the first 3 months, then every 3 months for
2 years, and then yearly. Patients received a physical
examination of their affected extremity at each follow-up
visit. Pain was measured using a paper visual analog score
(VAS). Radiographic assessment was performed monthly
during the first 3 months, then every 3 months for the first
year, every 6 months for the second year, and then annually.
The Musculoskeletal Tumor Society (MSTS) scoring system
was used to assess lower limb function (Enneking et al.,
1993). The distance from the tip of the INCS to the body
midline and the top of the acetabulum was measured
postoperatively with X-rays. The femoral neck–shaft angle
was also measured pre- and postoperatively. The condition of
the bone–prosthesis interface was evaluated by X-ray, CT,
and T-smart. Bone ingrowth into the prosthesis was
evaluated by radiographic variables, namely, bone
bridging, spot welding, and neocortex formation.
Complications related to INCS implantation were assessed,
namely aseptic loosening, prosthetic fracture, infection, and
periprosthetic fracture.

Statistical Analysis
We used the paired t test to assess the differences between the pre-
and postoperative measurements. A p-value of ≤0.05 was
considered statistically significant, and SPSS software (version
19.0; IBM Corp., Armonk, NY, United States) was used for the
data analysis.

FIGURE 2 | The flexible reamers of different diameters that we used in
this study.
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RESULTS

Radiographic Analysis
The condition of the bone–prosthesis interface was evaluated by
X-ray and T-smart. No fretting wear around the endoprosthetic
stem was found in the enrolled patients. We also found no
obvious radiolucent line, and radiographic signs of bone
ingrowth on the bone–stem interface were found in all stems.
A typical case of postoperative neocortex formation is shown in
Figure 3. In one patient, the CCIE with an INCS was used in the
femoral diaphyseal defect reconstruction after resecting >70% of
the femoral length owing to massive tumor resection, and a stable
bone–prothesis interface was achieved at the last follow-up
(Figure 4). Compared with the distance from the center of the
femoral head to the midline of the body and the apex of the
acetabulum preoperatively, the distance from the tip of the INCS
to the midline of the body (p = 0.187) and the apex of the
acetabulum (p = 0.159) was not statistically significant
postoperatively. Furthermore, the femoral neck–shaft angle did
not differ significantly between pre- and postoperative values (p =
0.793) (Table 2). Thus, the INCS positions were deemed accurate.

Function
Regarding lower extremity function, the average MSTS score was
26 (range: 24–28) at the last follow-up. None of the surviving
patients with femoral diaphyseal reconstruction required
crutches or other walking aids at the last follow-up. One
patient complained of pain in the lower extremity when
walking unsupported for distances longer than 5,000 m; this
patient had a VAS score of two at final follow-up, but had no
imaging complications associated with the use of this
endoprosthesis. Compared with the preoperative VAS score,
the postoperative score decreased significantly (p < 0.0001)
(Table 3). No pain or Trendelenburg gait was found in the
other patients at the last follow-up.

Complications
No patients developed periprosthetic infection, implant fracture,
periprosthetic fracture, nerve palsy, or vascular incidents. All of
the endoprostheses were well-osseointegrated, no aseptic
loosening was observed in this series.

FIGURE 3 | Radiographs showing the 57-months postoperative views
of the customized cementless intercalary endoprosthesis with an intra-neck
curved stem placed during treatment for an osteosarcoma. (A)
Posteroanterior radiograph of the entire femur. (B) Posteroanterior
tomosynthesis with Shimadzu Metal Artefact Reduction Technology (T-smart)
views of the stem insertion region in the proximal femur. (C) Posteroanterior
T-smart views of the stem insertion region in the distal femur.

FIGURE 4 | A case of reconstruction of the femoral diaphysis following
femoral diaphyseal resection of 73% of the length of the femur. (A)
Posteroanterior radiograph of the entire femur. (B) Posteroanterior T-smart
view of the stem insertion region of the femur. (C) Gross appearance of
the curved stem.
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DISCUSSION

The optimal treatment method for femoral diaphyseal tumors
with proximal metaphyseal extension is controversial. Total
femoral replacement is an alternative surgical option; however,
this approach is associated with dislocation, structural failures,
and soft tissue failures (Sevelda et al., 2015). In addition, proximal
femoral resection often results in an additional compartment
being opened. Once local recurrence or infection occurs, the hip
joint may be contaminated. For contaminated hip joints, eventual
hemipelvectomy may be necessary to achieve extensive margins
to prevent local recurrence (Kalra et al., 2010). Therefore,
preserving the hip joint is important for improving functional
lower limb outcomes, and preserving bone stock is necessary for
possible future revision.

Benevenia et al. (2016) reported the mid-term results of
cemented endoprosthetic replacement in femoral intercalary

resection; 12 of 21 patients (57%) with femoral reconstructions
developed complications of spacer failure, infection, or aseptic
loosening. For cemented straight femoral endoprostheses, it is
difficult to provide lasting fixation between the bone and the
endoprosthesis because of the insufficient residual proximal
femoral length. In addition, with a UPF, the proximal
endpoint of the straight intramedullary stem is often located
in the trochanteric region; however, the trochanteric region not
only has a large offset but also contains inadequate cancellous
bone (Unwin et al., 1996). Lack of cancellous bone would affect
the interdigitation of bone cement (Ebramzadeh et al., 1994).
Currently, the promising cementless short-stem solutions are the
Compress® implant (Calvert et al., 2014) and the Buxtehude stem
(Dieckmann et al., 2014). The advantage of the Compress®
implant is that the associated compressive osteointegration
avoids stress shielding and saves bone stock; however, the
early aseptic loosening rate ranges from 3.8 to 14% (Pedtke

TABLE 2 | Details of the surgical technique and INCS location evaluation.

Patient
no

Length of
femur

resection, mm

Percentage of
femur

resection
length in
the total
femur

length, %

Length of
residual
proximal

femur, mm

d1, mm
(preoperative/
postoperative)

d2, mm
(preoperative/
postoperative)

Neck-shaft angle,
° (preoperative/
postoperative

1 180.00 43.16 71.90 90.30/93.50 27.50/30.50 124/120
2 79.80 19.10 54.20 89.10/92.00 22.80/23.20 128/123
3 98.30 21.57 79.20 91.50/93.20 23.50/24.50 122/127
4 285.00 73.08 53.60 66.80/68.10 28.00/30.50 130/125
5 211.30 51.66 53.60 81.60/79.50 21.80/22.50 129/126
6 248.00 58.35 72.50 89.50/91.20 24.20/25.80 122/125
7 86.70 21.58 77.30 89.60/91.70 25.50/26.90 127/122
8 128.60 30.85 76.40 91.40/92.30 23.60/18.70 128/134
9 116.70 26.20 74.70 92.80/91.00 25.80/21.30 122/123
10 185.00 39.78 78.00 91.20/92.10 26.20/29.80 125/119
11 136.80 28.93 75.60 94.00/94.50 28.20/30.90 119/124
12 159.70 39.75 69.50 91.30/89.60 25.80/28.70 130/125
13 137.60 32.11 69.60 94.20/93.50 28.90/34.80 120/128

d1, Preoperative distance from the center of the femoral head to themidline of the body/postoperative distance from the tip of the INCS to themidline of the body; d2, Preoperative distance
from the center of the femoral head to the apex of the acetabulum/postoperative distance from the tip of the INCS to the apex of the acetabulum; INCS, intra-neck curved stem.

TABLE 3 | Results for patients undergoing femoral reconstruction with an intra-neck curved stem endoprosthesis.

Patient no Oncological status Follow-up (months) Complication VAS (preoperative/postoperative) MSTS

1 NED 57 None 6/0 27
2 NED 30 None 6/0 24
3 NED 67 None 5/0 27
4 NED 24 None 7/0 25
5 DOD 27 None — —

6 NED 55 None 6/0 26
7 NED 63 None 5/0 28
8 NED 48 None 6/2 25
9 NED 51 None 7/0 25
10 NED 36 None 5/0 26
11 NED 55 None 4/0 27
12 NED 44 None 6/0 26
13 NED 41 None 5/0 26

VAS, visual analog scale; NED, no evidence of disease; DOD, died of disease; MSTS, musculoskeletal tumor society.
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et al., 2012; Calvert et al., 2014). The Buxtehude stem was used in
a study of patients with a UPF, in which the early aseptic
loosening rate was 12.5%, and fixation screw breakage
occurred during follow-up (Dieckmann et al., 2014).

In our study, no obvious radiolucent lines between the implant
and the bone were found on the proximal femur on mediolateral
or anteroposterior X-ray views. Moreover, bone ingrowth on the
bone–stem interface was found for all stems. In addition,
compared with previous studies (Calvert et al., 2014;
Dieckmann et al., 2014) of reconstructing femoral diaphyseal
defects with a UPF, the rate of aseptic loosening in our study was
low.We believe the reasons are as follows: (1) The endoprosthesis
we used to reconstruct femoral diaphyseal defects with a UPF was
a good fit with the anatomy of the proximal femur, and the INCS
positions were deemed accurate postoperatively. (2) The INCS
reduces the offset distance between the long axis of the femur and
a line passing through the center of the femoral head and
condyles, which is considered a measure of the bending
moment about a dorsoventral axis at any level (Unwin et al.,
1996). Compared with a straight stem, the offset distance of an
INCS is smaller; therefore, the bending moment is also smaller,
whichmay be an important factor in decreasing the rate of aseptic
loosening of the endoprosthesis (Wyatt et al., 2019). (3) The INCS
is coated with hydroxyapatite or 3D-printed porous titanium,
which can facilitate biological bone ingrowth at the
bone–prosthesis interface (Van der Stok et al., 2013; Lu et al.,
2018; Zhao et al., 2020). (4) The curved stem we used has two fins,
symmetrically arranged in the medial and lateral planes at the
base of the stem, providing guidance for implantation and an
additional derotational force (Figure 4C).

Bone resorption at the lateral junction part of implant-bone be
found in two patients at the last follow-up. In our opinion, the
lateral junction part of the implant-bone was the side of tensile
stress. Good osseointegration was achieved between the curved
stem and host bone and the tensile stress of the lateral junction
part of the implant-bone was possibly reduced. Thus, stress
shielding occurred at the lateral junction part, so the bone
resorption appeared there. At present, bone resorption is less
in the lateral junction part and the remaining cortical bone can
still meet the tensile stress requirement. Furthermore, the medial
cortical bone can provide partial support when the stability of the
curved stem is good. It remains to be explored whether bone
resorption will increase in the future.

The average postoperative lower extremity function (MSTS)
score in the surviving patients in this study was 26 points, which is
superior to that reported in other studies (Calvert et al., 2014;
Dieckmann et al., 2014; Zheng et al., 2019). Although
rehabilitation of lower extremity function was incomplete,
patients experienced adequate pain relief and self-care limb
function. In particular, the patients’ focus often shifted from
considering themselves “sarcoma survivors” to “functionally
recovered” after surgery. The short postoperative recovery time
and early full weight-bearing are particularly valuable. In
addition, our patients experienced no limitations on lower
limb function in daily life, postoperatively. The reasons are as
follows: 1) preserving the hip joint helps reduce surgical
disruption and minimizes muscle damage; therefore, maximal

restoration of lower extremity function is possible; 2)
endoprosthesis stability, natural bodyweight transmission, and
good bone–endoprosthesis interface integration benefitted the
restoration of limb function; and 3) the rehabilitation program
allowed early functional training, resulting in better lower
extremity function.

Periprosthetic infection and periprosthetic fracture are
common complications after reconstruction of the distal femur
or diaphysis (Grimer et al., 2002; Gosheger et al., 2006; Choi et al.,
2016; Bus et al., 2017). At the last follow-up, in our study, we
observed no periprosthetic infection or periprosthetic fracture. In
our opinion, periprosthetic infection for oncologic patients may
be related to soft tissue coverage, immune-compromising
treatments, duration of the procedure, and extensive surgical
dissection. No infections occurred in our study, and we believe
the reasons are as follows: First, soft tissue was lavaged with
abundant normal saline intraoperatively. Second, we paid
attention to each patient’s condition, the use of antibiotics,
and postoperative drainage. No patients developed
periprosthetic fracture intraoperatively. To avoid periprosthetic
fracture, all operations were performed by the same senior
surgeon, and the osteotomy plane was precisely controlled to
minimize the risk of a misfit between the curved stem and the
residual proximal femur. Additionally, when enlarging the
medullary cavity of the residual proximal femur, the residual
proximal femur was under-reamed by 0.5 mm followed by
additional 0.5-mm reaming, as needed, to achieve a stable
press-fit. No aseptic loosening was found in this series at the
last follow-up. To reduce aseptic loosening, the biocompatibility
of the endoprosthesis was enhanced by improving the matching
degree at the contact area and modifying the configuration of the
endoprosthesis (Palmquist et al., 2013; Hara et al., 2016; Ghouse
et al., 2019).

We acknowledge some limitations in this study. First, our
follow-up time was insufficient to verify the long-term efficacy of
the curved stem. Unknown shortcomings might occur in long-
term follow-up. Second, the retrospective, non-comparative
design and small sample size limited the power of this study
because prosthetic reconstructions for femoral diaphyseal defects
following malignant tumor resection are rare.

CONCLUSION

This study presented the preliminary results of using a CCIE with
an INCS, which showed proof of principle for the application of
an INCS. In conclusion, an INCS represents a feasible treatment
option for femoral diaphyseal defects with a UPF. The main
advantages of this treatment are early weight-bearing, low
complication rate, and good lower limb functional outcomes.
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