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Abstract 

Background  Shoulder soft tissue function reconstruction during tumor-type hemishoulder replacement is an impor-
tant step to restore shoulder function. This study evaluates the functional prognosis and postoperative complications 
of ligament advanced reinforcement system (LARS)-assisted soft tissue functional reconstruction in tumor-type hemi-
shoulder replacement.

Materials and methods  Twenty-two patients with an average age of 37.5 ± 17.8 years diagnosed with benign inva-
sive tumors, primary malignant bone tumors, or bone metastases were enrolled in this study. The patient’s medical 
records (history and surgical details), histological sections, imaging files, oncological prognosis, functional prognosis, 
and postoperative complications were collected. The upper limb function and shoulder joint function were evaluated 
using the Musculoskeletal Tumor Society (MSTS) system and American Shoulder and Elbow Surgeons (ASES) scoring 
criteria, respectively.

Results  Twenty-two patients comprising 12 males and 10 females were enrolled. Overall, 9 patients had preoperative 
pathological fractures. The mean lesion length was 8.6 ± 3.0 cm. The local recurrence was observed in 3 cases, includ-
ing 2 cases of osteosarcoma and 1 case of MGCT. A further 4 cases had pulmonary metastasis, including 2 cases with 
local tumor recurrence. The average postoperative MSTS score was 25.8 ± 1.7, and the score of postoperative ASES 
was 85.7 ± 6.0, both of which showed satisfactory functional recovery. Two cases experienced postoperative compli-
cations requiring surgical intervention, including one periprosthetic fracture and one giant cell granuloma. Prosthesis 
dislocation occurred in 1 case. None of the cases of periprosthetic infection or postoperative complications resulted in 
implant failure.

Conclusions  LARS-assisted soft tissue function reconstruction in benign and malignant proximal humerus tumors 
after a tumor-type hemi-shoulder replacement is an effective technical improvement, which can effectively repair the 
integrity of the joint capsule to restore joint stability, provide a medium for soft tissue attachment to rebuild the mus-
cular dynamic system, and eliminate residual dead space around the prosthesis, effectively improving limb function 
and reduce postoperative infection complications.
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Introduction
The proximal humerus is a common site of primary 
malignant bone tumors and bone metastases, and surgi-
cal treatment of malignant tumors in this site has long 
been a difficult problem in orthopedics [1–3]. Further 
development and innovation in the fields of radiotherapy, 
chemotherapy, diagnostic imaging, and surgical tech-
niques have provided new opportunities for limb salvage 
therapy for proximal humerus malignancies [4–7], allow-
ing patients to retain greater limb function and improve 
the overall quality of life.

Limb salvage treatment of the proximal humerus is a 
major surgical challenge, as it involves both the repair 
of bone defects and the reconstruction of shoulder joint 
function [4, 8, 9]. The shoulder joint is the joint with the 
largest range of motion in the human skeleton, and the 
rotator cuff and joint capsule are critical to its stability. 
As proximal humerus tumors mostly involve the sur-
rounding soft tissue structure including the rotator cuff, 
leading to the sacrifice of the functional soft tissue sta-
bility structure around the glenohumerus joint, recon-
struction of shoulder joint function is as important as the 
repair of bone defects in limb salvage treatment [10, 11].

The most commonly used techniques for bone defect 
repair after resection of proximal humerus tumors 
include osteoarticular allografts [11, 12], allograft-pros-
thetic composites (APC) [13, 14], and modular prosthe-
sis [15, 16]. Allogeneic arthrodesis, vascularized fibular 
transfer, and scapular replacement are also occasionally 
used as alternatives [2, 17]. Although osteoarticular allo-
graft and APC can provide a healing interface for the 
reconstruction of the dynamic stable structure of the 
shoulder joint, postoperative complications caused by 
transplantation itself, such as graft fracture, bone non-
union, rejection, cartilage surface collapse, and other 
problems, lead to a high reoperation rate and a gradually 
decreasing graft survival rate [11–14, 18], which gradu-
ally weakens the clinical application of this technique. 
Coincidentally, because of its flexibility, relatively low 
complication rate, high implant survival rate, and accept-
able and repeatable functional results, modular prosthe-
sis reconstruction has gradually come to occupy the main 
position in clinical application [19, 20]. However, since 
the shoulder capsule and rotator cuff cannot be firmly 
fixed directly on the prosthesis surface to promote bio-
logical healing, joint function reconstruction after mod-
ular prosthesis replacement is also a significant clinical 
challenge.

At present, there are no normative guidelines for func-
tional reconstruction after tumor-type hemi-shoulder 
replacement in clinical practice. In the early stage of the 
clinical application of biological mesh, researchers mostly 
used simple mechanical sutures to reconstruct shoulder 
joint capsules and tendon insertions [9, 10]. With the 
advent of various biologic mesh implants, researchers 
have found that patients who received biologic mesh for 
soft tissue reconstruction have better shoulder joint func-
tion than those who did not receive synthetic mesh [13, 
15, 21]. With the evaluation of the biocompatibility of 
biological mesh and the effect of soft tissue implantation, 
people’s requirements for biological materials are further 
improved, and various bone tumor centers continue to 
innovate and improve themselves on the optimization 
of shoulder joint functional reconstruction according to 
previous experience.

Ligament advanced reinforcement system (LARS) is a 
new biomaterial with good histocompatibility, low asep-
tic inflammatory response, anti-infectivity, and good 
stiffness, tension, and elasticity [22]. Its advantages in 
cruciate ligament reconstruction and tendon reconstruc-
tion have been widely known. Our bone tumor center has 
also been using LARS for ligament reconstruction, joint 
capsule repair, and soft tissue reconstruction after pros-
thesis replacement.

We speculate whether LARS has an advantage over 
other biological patches in the reconstruction of soft tis-
sue function after half-shoulder joint replacement. There-
fore, in the present study, we investigated the clinical 
effect of LARS-assisted joint functional reconstruction 
in tumor-type hemi-shoulder replacement in our bone 
tumor center. The objective is to evaluate the true clinical 
effect of LARS-assisted joint functional reconstruction 
from the degree of postoperative joint functional recov-
ery and the incidence of postoperative complications. 
The survival rate of the prosthesis, the degree of recov-
ery of joint function, and the incidence of complications 
were followed up and analyzed.

Materials and methods
Patients
We retrospectively evaluated patients who underwent 
segmental resection of proximal humeral tumors and 
modular tumor-type hemiarthroplasty at our bone tumor 
center from January 2012 to January 2022. All patients 
were treated according to the preoperative consultation 
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opinions from our bone tumor center’s multi-disciplinary 
team (MDT).

The inclusion criteria were as follows: (1) patients who 
underwent proximal humerus hemiarticulectomy, (2) 
modular hemiarticular prosthesis was used for recon-
struction, (3) LARS-assisted joint functional reconstruc-
tion was performed, (4) the axillary nerve and most 
deltoid muscles were preserved, (5) complete clini-
cal data was available, and (6) postoperative follow-up 
was > 12  months. The exclusion criteria were (1) under-
went total humerus resection, (2) underwent extra-artic-
ular resection, or (3) underwent revision surgery.

This study was conducted according to the Declaration 
of Helsinki and approved by the clinical medical research 
ethics committee of Xiangya Hospital of Central South 
University. All patients participating in the study or their 
legal guardians received and signed informed consent.

A total of 22 patients who met the criteria with an aver-
age age of 37.5 ± 17.8 years were enrolled in our cohort. 
Pathologic diagnoses included giant cell tumors of the 
bone (n = 6), osteosarcoma (n = 5) (Fig.  1), bone metas-
tases (n = 4) (Fig.  2), chondrosarcoma (n = 3) (Fig.  3), 
lymphoma (n = 1), Ewing’s sarcoma (n = 1), chondroblas-
toma (n = 1), and malignant giant cell tumors of bone 
(MGCT) (n = 1). According to the property and char-
acteristics of the tumor, all patients with osteosarcoma 
and Ewing’s sarcoma received standardized preoperative 
and postoperative chemotherapy. One patient with lym-
phoma was transferred to the hematology department for 
standardized postoperative chemotherapy. None of the 
other patients received chemotherapy or radiation. Four 
patients with bone metastases received postoperative tar-
geted drug therapy. A follow-up was performed, and the 

patient’s medical records (medical history, imaging files, 
and surgical details) (Table  1), tumor prognosis, func-
tional prognosis, and postoperative complications were 
collected.

Operative technique
The tumor resection boundary and osteotomy length 
were determined by preoperative enhanced MRI. All 
operations involving tumor resection and reconstruction 
were performed collaboratively by our treatment group. 
All patients underwent intraarticular tumor resection of 
the proximal humerus.

Tumors were removed using the Henrey incision, and 
the trajectory of the biopsy was removed (Fig.  4a). The 
upper arm medial deltoide-pectoralis major intersulci 
were followed and cut outward from the deltoide-origin 
at the coracoid process while paying attention to pro-
tecting the cephalic veins. The proximal humerus was 
exposed to the shoulder joint and the insertion of the 
pectoralis major, latissimus dorsi, and teres major was 
severed. The rotator cuff muscles around the shoulder 
joint were exposed and severed successively, while the 
long head tendon of the biceps was severed, and the 
shoulder capsule was severed on the side of the glenoid. 
The residual posterior muscle attachment was dissoci-
ated, with attention paid to the correct dissociation and 
protection of the radial neurovascular bundle, while the 
proximal humerus was completely dissociated. Oste-
otomy was performed on the distal end of the humerus 
at an extension of 3–5 cm according to the preoperative 
design (Fig. 4b).

Fig. 1  En bloc resection of osteosarcoma and reconstruction of tumor-type hemi-shoulder replacement. a Preoperative anteroposterior and lateral 
X-rays. b Coronal and sagittal CT scans showed extensive bone destruction with periosteal reaction. c Anteroposterior X-ray three months after 
surgery showed that the prosthesis was firmly fixed and the joint was stable. d The slightly downward displacement of the prosthesis was found at 
1 year postoperatively
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After the length of the prosthesis was determined by 
the reaming mold, the prosthesis (THYTEC, Shang-
hai, China) was fixed in the distal medullary cavity with 
bone cement. LARS wrapping prosthesis was used and 
properly fixed (Fig.  4c). For patients with large soft tis-
sue defects, a rivet was used to assist in the repair of the 
shoulder joint capsule. Four rivets were inserted into 
the glenoid fossa from different directions (Fig.  4d) and 
securely sutured with LARS (Fig. 4e), and then, the resid-
ual end of the shoulder joint capsule was closely sutured 
with LARS to repair the integrity of the joint capsule 
(Fig. 4f ). With LARS as the carrier, the rotator cuff, del-
toid insertion, long head tendon of biceps brachii, pec-
toralis major, latissimus dorsi, and other muscle stumps 
were sutured on LARS according to their anatomical 
positions. Two wound drainage tubes were retained, the 
deep fascia was continuously sutured, and finally, the 
incision was closed layer by layer.

Postoperative management and follow‑up
All patients underwent standardized postoperative reha-
bilitation procedures. A shoulder abduction fixator was 
worn for 4  weeks while wrist and forearm contractions 

were performed. Subsequently, the physiotherapist 
instructed the patients to initiate passive functional exer-
cise, focusing on the forward bending and abduction of 
the shoulder. Patients were followed up at 6 and 12 weeks 
postoperatively, and then, every 3  months for the first 
2 years, every 6 months for the next 3 years, and annually 
thereafter. During follow-up, clinicians mainly evaluated 
the oncological prognosis and functional prognosis and 
recorded the occurrence of various complications. Post-
operative limb function was assessed using the Musculo-
skeletal Tumor Society (MSTS) system [23]. Meanwhile, 
assessment of activities of daily living (ADL) involving 
the shoulder using American Shoulder and Elbow Sur-
geons (ASES) scoring criteria [24]. The pain was graded 
using the visual analog scale (VAS) [25].

Statistical analysis
Data analyses were performed using SPSS version 26.0 
(SPSS Inc., Chicago, Illinois). Measurements were 
expressed as mean ± standard deviation. Follow-up 
data were analyzed by paired or unpaired t test. A P 
value < 0.05 was considered statistically significant.

Fig. 2  Segmental resection and hemi-shoulder replacement for bone metastases. a Preoperative anteroposterior and lateral X-rays indicated an 
osteolytic lesion. b CT scan indicated extensive bone erosion and pathological fracture. c MRI suggested that the lesion involved surrounding soft 
tissues. d Postoperative anteroposterior and lateral X-rays showed that the prosthesis was securely fixed and the joint was stable
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Results
For this study, we enrolled 22 patients, including 12 males 
and 10 females, with an average age of 37.5 ± 17.8 years. 
The lesion was located on the right side in 12 patients 
and on the left side in 10 patients. The mean body mass 
index was 21.6 ± 2.3. Nine patients had preoperative 
pathological fractures (Fig.  2). The mean lesion length 
was 8.6 ± 3.0 cm. The Enneking stage [26, 27] of tumors 
in this cohort was grade 3 (7 cases), IIB (8 cases), and 
IIIB (7 cases), and the mean postoperative follow-up was 
48.2 ± 27.8 months (Table 1).

Of the 22 patients in this study, 6 died at the last fol-
low-up, including 2 patients with osteosarcoma and 4 
patients with bone metastases. The local recurrence was 
observed in 3 cases, including 2 cases of osteosarcoma 
and 1 case of MGCT. These patients eventually under-
went joint amputation. Among all cases with primary 
tumors, 4 cases had pulmonary metastasis during follow-
up, including two cases with local recurrence who devel-
oped multiple lung metastases after surgery. Two other 

cases with single lung metastasis survived after resection 
of the metastatic lesion. None of the four patients with 
bone metastasis in this cohort underwent reoperation at 
the original surgical site at the final follow-up, and the 
follow-up time was more than 12 months in all cases.

The postoperative MSTS score of patients in this cohort 
was 25.8 ± 1.7, showing a significant difference from that 
before surgery (p < 0.05). The postoperative ASES was 
85.7 ± 6.0, of which 20 cases (90.9%) showed good recov-
ery of shoulder joint movement, ability of ADL, and sat-
isfactory recovery of upper limb muscle strength (Fig. 5). 
One case (4.5%) developed forward and upward prolapse 
of the prosthesis after the operation, which resulted in 
obvious limited shoulder joint activity, and no surgical 
treatment was performed. One case (4.5%) of osteosar-
coma with the partial sacrifice of the musculocutaneous 
nerve and median nerve experienced poorer upper limb 
function and muscle strength than the healthy side after 
surgery. Postoperative pain scores in this cohort were sig-
nificantly improved compared with those before surgery 
(p < 0.05) (Table 2).

Two cases in this cohort had postoperative compli-
cations requiring surgical intervention, including one 
periprosthetic fracture and one giant cell granuloma 
(Fig.  5). After surgical treatment, the prosthesis was 
retained and the function of the shoulder joint recovered 
satisfactorily. In addition, none of the cases in this cohort 
had a periprosthetic infection or postoperative complica-
tions leading to implant failure.

Discussion
In this study, we reviewed the clinical data of patients 
with joint function reconstruction using LARS-assisted 
tumor-type hemi-shoulder replacement in our center 
in the past 10  years. In our cohort, the survival rate of 
prostheses after surgery was 100%, only 1 case of shoul-
der dislocation occurred, and the postoperative MSTS 
score was 25.8 ± 1.7. Overall, 90.9% of patients were able 
to return to normal daily activities and upper limb mus-
cle strength. Despite the occurrence of two complica-
tions requiring surgical intervention, both implants were 
preserved and functional recovery was satisfactory after 
active management. In general, the results of this study 
are superior to previous studies in terms of shoulder dis-
location rate, shoulder joint range of motion, postopera-
tive infection, and other complications. It is not difficult 
to show that LARS plays an important role in the recon-
struction of shoulder joint function.

The choice of reconstruction method for proximal 
humerus limb salvage therapy depends on the proper-
ties and size of the tumor, the degree of excision required 
to obtain a wide and clear incisal margin, the resources 
available, and the surgeon’s choice and familiarity with 

Fig. 3  Segmental resection and hemi-shoulder replacement 
for high-grade chondrosarcoma. a Preoperative anteroposterior 
and lateral X-rays. b MRI showed extensive cortical involvement 
and heterogeneous signals within the tumor. c Postoperative 
anteroposterior X-rays of 1 week, 1 year, and 3 years showed that the 
prosthesis was in a stable position
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the potential procedures [2, 11]. Due to its accessibility, 
low complication rate, and high graft survival rate, modu-
lar prosthesis reconstruction has gradually replaced oste-
oarticular allograft and APC reconstruction as the most 
mainstream bone defect repair option [15, 18]. However, 
the joint capsule and rotator cuff cannot be attached to 
the surface of the prosthesis, which leads to a decrease 
in the range of motion and stability of the joint, posing a 
new challenge for joint function reconstruction.

Because the diameter of the humeral head is larger 
than that of the glenoid, the shoulder joint is both the 
most mobile and unstable joint in the human body [28]. 
Its stability depends on the deepening of the glenoid lip 
to form the ball-socket joint and the rotator cuff formed 
by the soft tissue around the joint. During proximal 
humeral prosthesis replacement, the prosthetic humeral 
head and scapular glenoid are not absolutely matched, 
and it is difficult to achieve contact stability. Further-
more, there is no biological healing between the soft tis-
sue and the prosthesis [15, 21], and the structure is not 
as strong as the tendon-bone connection. Therefore, rea-
sonable repair of shoulder joint static stability structure 
and reconstruction of the muscle dynamic system is very 
important to restore shoulder joint function.

The core of functional reconstruction of the shoul-
der joint lies in the biological attachment of soft tissue 
on the surface of the prosthesis. Therefore, researchers 
have made many attempts to functional reconstruction 
in previous studies. Degeorge et al. [13] used APC trans-
plantation to achieve optimal humerus height recov-
ery and rotator cuff tendon reinsertion and found high 
postoperative complications and unsatisfactory recovery 
of joint function. Marulanda et  al. [21] used aortograft 
mesh to reconstruct shoulder joint function, and the inci-
dence of postoperative complications was significantly 
reduced, but the abductor function of the shoulder joint 
was not satisfactory. Wang et  al. [15] used polypropyl-
ene mesh-wrapped prosthesis to assist soft tissue func-
tion reconstruction, which also effectively controlled 
the occurrence of postoperative complications, but the 
recovery of joint function was still not satisfactory. These 
improvements effectively promote the innovation of 
functional reconstruction of soft tissue and also made 
the surgeon realize the importance of the strength and 
biocompatibility of the biological patch for functional 
reconstruction.

LARS is a porous material made of polyethylene tere-
phthalate, with a minimum failure load of 4000N, which 

Table 1  Demographic variables

MGCT​ malignant giant cell tumors of the bone, GCT​ giant cell tumors of the bone

No Gender Age (years) Pathological classification Side Tumor 
length (cm)

Pathological 
fracture (Y or N)

Enneking staging Body 
mass 
index

1 M 25 MGCT​ Right 11 Y IIIB 25.3

2 M 55 Bone metastase Left 9 Y IIIB 18.9

3 F 42 GCT​ Left 5.5 Y stage 3 21.5

4 F 15 GCT​ Right 5.5 N stage 3 23.3

5 F 38 GCT​ Right 8 N stage 3 20.8

6 M 24 GCT​ Right 8 Y stage 3 19.5

7 M 47 GCT​ Left 8.5 Y stage 3 25.4

8 M 25 GCT​ Left 7.5 Y stage 3 25.1

9 F 13 Osteosarcoma Right 12 N IIB 17.8

10 F 32 Osteosarcoma Right 11 N IIIB 23.5

11 F 48 Osteosarcoma Right 6.5 N IIB 20.9

12 M 14 Osteosarcoma Left 15 N IIB 21.6

13 M 18 Osteosarcoma Left 10 N IIB 23.3

14 F 78 lymphoma Left 13 Y IIIB 18.5

15 F 48 Bone metastase Right 5 N IIIB 20.3

16 M 13 Chondroblastoma Right 3.5 N stage 3 22.4

17 M 47 Chondrosarcoma Right 10.5 N IB 19.8

18 M 45 Chondrosarcoma Right 8 N IIB 21.3

19 M 31 Chondrosarcoma Right 7 N IIB 23.5

20 F 51 Ewing’s sarcoma Left 13 N IIB 20.7

21 F 56 Bone metastase Left 7 Y IIIB 23.3

22 M 60 Bone metastase Left 5.5 Y IIIB 18.8
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has excellent biocompatibility, traction resistance, cor-
rosion resistance, and the ability to stimulate the rapid 
growth of fibroblasts [22, 29, 30]. Its porous design allows 
for the multi-point fixation of muscle attachments, which 
not only distributes stress and reduces tearing, but also 
promises to improve the current situation where tumor-
type prosthesis can only provide point-like or linear mus-
cle attachment points, restoring the anatomical fixation 
of their planar attachment to the humerus [22].

The stability of the joint structure is the premise of 
restoring limb function, and the integrity of the joint 
capsule structure can effectively prevent joint dislocation 
after the operation [20, 31]. It is important to consider 
that tumor resection of the proximal humerus is often 
accompanied by the loss of all or part of the joint capsule 
and surrounding muscle tissue, which forms a huge soft 
tissue defect and destroys the static stability of the joint 
structure and muscle attachment site. As such, many 
attempts have been made to reconstruct the stability of 
the shoulder joint. Mayilvahanan et  al. [32] used stain-
less steel wire or dacron tapes for the static suspension 
to fix the proximal acromion process of the prosthesis, 
and postoperative joint dislocation occurred in 6 cases, 

achieving a postoperative functional satisfaction rate of 
78%. Cannon et al. [10] used polyester tape or polyester 
braided sutures to suture the residual joint capsule to 
the sagittal hole of the prosthesis to stabilize the shoul-
der joint. Radiological evidence showed that 22 patients 
(29%) subsequently experienced proximal displacement 
of the prosthesis. These techniques all involved mechani-
cal riveting fixation, which cannot truly achieve reattach-
ment of soft tissue on the prosthesis. Therefore, using 
LARS as a carrier to assist the realization of biological 
attachment of the shoulder soft tissue in a prosthesis may 
indeed be an ideal treatment option to restore shoulder 
joint stability. In the technique described herein, the 
tubular structure of LARS is used to replace the joint 
capsule, and the periphery is sutured to the stump of the 
joint capsule or the glenoid fossa. Meanwhile, rivets can 
be implanted at different positions of the glenoid fossa to 
strengthen the repair of the joint capsule from different 
angles and to restrict the activities of the humeral head 
and effectively prevent dislocation of the shoulder.

The reconstruction of joint function is closely related 
to both the restoration of the integrity of the joint cap-
sule structure, and the restoration of the muscle dynamic 

Fig. 4  Operative details of tumor-type hemi-shoulder replacement in proximal humerus (a) using Henrey incision and removing biopsy trajectory. 
b General picture of the removed tumor segment. c Modular tumor prosthesis and LARS. d Place four rivets into the scapular glenoid from different 
directions. e Stitch the rivet thread securely to LARS. f The stump of the joint capsule was sutured to LARS
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system, which can achieve dynamic stability of the joint 
through mechanical action. The most important of these 
is the rotator cuff tissue attached to the greater and lesser 
tubercles, followed by the deltoid and biceps longhead 
tendons which also play an important role in the stabil-
ity of the joint. LARS provides a carrier for muscle tis-
sue to attach to the surface of the prosthesis, and it can 
achieve rapid adhesion and healing with muscle tissue 
into a structural unit to restore the integrity of the muscle 
dynamic system and strengthen force transmission [16, 
33]. LARS not only ensures the soft tissue coverage of 
the prosthesis, but also prevents the power loss caused by 
extensive tumor resection to the greatest extent possible, 
achieving a biomechanical balance around the joint, real-
izing the recovery of limb function, and further enhanc-
ing the stability of the joint.

When we focus on the contribution of LARS 
to the recovery of joint structure and functional 

reconstruction, we often neglect its positive role in 
reducing the incidence of postoperative complica-
tions [29]. As an artificial material, LARS is a foreign 
body, the implantation of which theoretically increases 
the risk of deep infection of prosthesis. However, the 
results of this study showed the opposite. The appli-
cation of LARS greatly reduced the incidence of post-
operative periprosthesis infection, which may be 
inseparable from the fact that LARS could effectively 
increase the soft tissue coverage on the prosthesis sur-
face and eliminate the dead space in the operative area. 
The presence of LARS can realize the attachment of 
muscle residues of the proximal humerus, including 
the biceps brachii, joint tendon, pectoralis major, sub-
scapularis, and teres major on the surface of the pros-
thesis; increase the effective coverage of soft tissue on 
the surface of the prosthesis; eliminate the dead space 
caused by muscle retraction; avoid postoperative deep 

Fig. 5  Giant cell granuloma of distal prosthesis was observed during follow-up. a–d Four consecutive X-ray reexaminations revealed osteolytic 
lesions of the distal humerus with slight enlargement. e Postoperative X-rays of lesion resection and fixation of allograft bone block with bone 
cerclage. f The lesion was excised, then an allograft of appropriate size was cut to repair the bone defect, and finally, the allograft was fixed with a 
bone cerclage. g Postoperative shoulder joint motion was satisfactory, especially shoulder abduction function
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fluid accumulation in the operative area; and eliminate 
the risk factors of deep infection [33, 34].

Through this study, we found that LARS indeed pro-
vided effective help for the functional reconstruction 
of the proximal humerus tumor-type hemi-shoulder 
replacement. This can not only effectively repair the 
integrity of the shoulder capsule and rebuild the mus-
cular dynamic system of the shoulder joint, but also 
effectively reduce the probability of postoperative deep 
infection and extend the survival time of the prosthe-
sis. Considering the continuous progress of medicine, 
with the development of surgical technology, optimi-
zation of prosthesis design, and innovation of medical 
materials, patients will benefit more from limb sal-
vage methods in the future. It is also hoped that our 
research can provide some experience and data sup-
port for limb salvage treatment of proximal humeral 
tumors.

Nevertheless, this study has some limitations which 
should be mentioned. As a single-center retrospec-
tive study, the small sample size and lack of effec-
tive controls are the fundamental defects in the study 
design. Furthermore, the follow-up period is insuf-
ficient to accurately evaluate the mechanical-related 
complications. In addition, due to the differences in 
tumor properties, there are individual differences in 
the scope of tumor resection, and the evaluation of 
postoperative functional recovery cannot be uniform. 
These shortcomings will be investigated in our future 
studies.

Conclusions
In conclusion, LARS-assisted soft tissue function 
reconstruction in benign and malignant proximal 
humerus tumors after a tumor-type hemi-shoulder 
replacement is an effective technical improvement, 
which can repair or strengthen the static stable struc-
ture of the joint, rebuild the muscle dynamic system, 
and provide a new medium for soft tissue reattachment 
on the surface of the prosthesis. Furthermore, this 
technique induces a reasonable improvement in post-
operative joint function and reduces the incidence of 
postoperative complications.
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structure was stable at 6 months postoperatively. (b) Forward and upward 
dislocation of the prosthesis was found at 1 year postoperatively. (c) The 
red arrow indicates a dislocated humeral head in the patient’s frontal view.

Table 2  Statistics of clinical information and follow-up data

ASES American Shoulder and Elbow Surgeons, ADL activities of daily living, ROM range of motion, MSTS Musculoskeletal Tumour Society Scoring System, VAS visual 
analog scale

General information Mean SD or percentage
Duration of follow-up (month) 48.2 27.8

Postop ASES score 85.7 6.0

ADL score 33.2 1.6

ROM (°) Flexion 75.4 15.9

Abduction 55.9 13.9

Extension 36.0 5.3

Internal rotation 48.4 7.3

External rotation 76.1 8.6

Complications Recurrence 3 13.6%

Dislocation 1 4.5%

Periprosthetic fractures 1 4.5%

Giant cell granuloma 1 4.5%

Comparative analysis state Mean ± SD P value
MSTS score Preoperative 15.4 ± 6.1  < 0.001

Postoperative 25.8 ± 1.7

VAS score Preoperative 4.2 ± 1.6  < 0.001

Postoperative 0.3 ± 0.6
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Additional file 2: Table S1. MGCT, malignant giant cell tumors of bone; 
GCT, giant cell tumors of bone.

Authors’ contributions
Xiaopeng Tong: Conceptualisation and design of the study, Data collection, 
Statistical analysis, Manuscript drafting and revision, Approved final version 
of the manuscript. Hongbo He: Conceptualisation and design of the study, 
Data collection, Statistical analysis, Approved final version of the manuscript. 
Can Zhang: Conceptualisation and design of the study, Supervised statistical 
analysis, Critical revision the manuscript, Approved final version of the manu-
script. Yupeng Liu: Analysed the actigraphy data, Approved final version of the 
manuscript. Hao Zeng: Analysed the actigraphy data, Approved final version 
of the manuscript. Xinzhu Qiu: Analysed the actigraphy data, Approved final 
version of the manuscript. Qing Liu: Conceptualisation and design of the 
study, Supervised statistical analysis, Critical revision the manuscript, Approved 
final version of the manuscript.

Funding
This work was supported by the Changsha Natural Science Foundation 
(kq2202382), the Natural Science Foundation of Hunan (2022JJ40802 and 
2022JJ30928), the Project funded by the China Postdoctoral Science Founda-
tion (2022M713525).

Availability of data and materials
All the data used in the article can be obtained from the medical record infor-
mation system of Xiangya Hospital, Central South University. Any questions 
or inquiries regarding the present study can be directed to Qing Liu, MD, PhD 
(15811​2225@​csu.​edu.​cn), as the corresponding author.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and 
was approved by the clinical medical research ethics committee of Xiangya 
Hospital of Central South University (No.20221008023). In addition, this study 
was successfully registered in the Chinese Clinical Trial Registry (Reg.No. 
ChiCTR2200065095, www.​chictr.​org.​cn). All patients participating in the study 
or their legal guardians received and signed the informed consent.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Orthopaedics, Xiangya Hospital, Central South University, 
87Th Xiangya Road, Changsha 410008, Hunan, China. 2 National Clinical 
Research Center for Geriatric Disorders, Xiangya Hospital, Changsha, Hunan 
410008, People’s Republic of China. 

Received: 9 January 2023   Accepted: 30 March 2023

References
	1.	 Kumar D, Grimer RJ, Abudu A, Carter SR, Tillman RM. Endoprosthetic 

replacement of the proximal humerus. Long-term results. J Bone Joint 
Surg Br. 2003;85(5):717–722.

	2.	 Wada T, Usui M, Isu K, Yamawakii S, Ishii S. Reconstruction and limb sal-
vage after resection for malignant bone tumour of the proximal humerus. 
A sling procedure using a free vascularised fibular graft. J Bone Joint Surg 
Br. 1999;81(5):808–813.

	3.	 Hage WD, Aboulafia AJ, Aboulafia DM. Incidence, location, and 
diagnostic evaluation of metastatic bone disease. Orthop Clin N Am. 
2000;31(4):515–28.

	4.	 Hennessy DW, Raskin KA, Schwab JH, Lozano-Calderon SA. Endopros-
thetic reconstruction of the upper extremity in oncologic surgery. J Am 
Acad Orthop Sur. 2020;28(8):e319–27.

	5.	 Guo W. Limb-salvage treatment of malignant pelvic bone tumor in China 
for past 20 years. Chinese Med J-Peking. 2019;132(24):2994–7.

	6.	 Boxberg M, Langer R, Woertler K, Knebel C, Rechl H, von Eisenhart-Rothe 
R, Weichert W, Combs SE, Hadjamu M, Roper B, et al. Neoadjuvant radia-
tion in high-grade soft-tissue sarcomas: histopathologic features and 
response evaluation. Am J Surg Pathol. 2022;46(8):1060–70.

	7.	 Ogura K, Yakoub MA, Boland PJ, Healey JH. Finn/orthopaedic salvage sys-
tem distal femoral rotating-hinge megaprostheses in oncologic patients: 
long-term complications, reoperations, and amputations. J Bone Joint 
Surg Am. 2021;103(8):705–14.

	8.	 Ellerbrock M, Theil C, Gosheger G, Deventer N, Klingebiel S, Rickert C, 
Schneider KN. Function and return to sports after proximal humeral 
replacement in patients with primary bone sarcoma. J Orthop Traumatol. 
2022;23(1):59.

	9.	 Ayoub KS, Fiorenza F, Grimer RJ, Tillman RM, Carter SR. Extensible endo-
prostheses of the humerus after resection of bone tumours. J Bone Joint 
Surg Br. 1999;81(3):495–500.

	10.	 Cannon CP, Paraliticci GU, Lin PP, Lewis VO, Yasko AW. Functional outcome 
following endoprosthetic reconstruction of the proximal humerus. J 
Shoulder Elb Surg. 2009;18(5):705–10.

	11.	 Potter BK, Adams SC, Pitcher JJ, Malinin TI, Temple HT. Proximal humerus 
reconstructions for tumors. Clin Orthop Relat R. 2009;467(4):1035–41.

	12.	 Getty PJ, Peabody TD. Complications and functional outcomes of 
reconstruction with an osteoarticular allograft after intra-articular 
resection of the proximal aspect of the humerus. J Bone Joint Surg Am. 
1999;81(8):1138–46.

	13.	 Degeorge B, Chammas M, Coulet B, Daumillare A, Lazerges C. Allograft-
composite reverse shoulder arthroplasty for malignant tumor of the 
proximal humerus. Tech Hand Up Extrem Surg. 2020;25(2):94–101.

	14.	 Abdeen A, Hoang BH, Athanasian EA, Morris CD, Boland PJ, Healey JH. 
Allograft-prosthesis composite reconstruction of the proximal part of the 
humerus: functional outcome and survivorship. J Bone Joint Surg Am. 
2009;91(10):2406–15.

	15.	 Wang B, Wu Q, Liu J, Yang S, Shao Z. Endoprosthetic reconstruction of the 
proximal humerus after tumour resection with polypropylene mesh. Int 
Orthop. 2015;39(3):501–6.

	16.	 Tang X, Guo W, Yang R, Tang S, Ji T. Synthetic mesh improves shoulder 
function after intraarticular resection and prosthetic replacement of 
proximal humerus. Clin Orthop Relat R. 2015;473(4):1464–71.

	17.	 Dubina A, Shiu B, Gilotra M, Hasan SA, Lerman D, Ng VY. What is the 
optimal reconstruction option after the resection of proximal humeral 
tumors? A systematic review Open Orthop J. 2017;11:203–11.

	18.	 van de Sande MA, Dijkstra PD, Taminiau AH. Proximal humerus recon-
struction after tumour resection: biological versus endoprosthetic 
reconstruction. Int Orthop. 2011;35(9):1375–80.

	19.	 Errani C, Mavrogenis AF, Cevolani L, Spinelli S, Piccioli A, Maccauro G, 
Baldini N, Donati D. Treatment for long bone metastases based on a 
systematic literature review. Eur J Orthop Surg Tr. 2017;27(2):205–11.

	20.	 Kitagawa Y, Thai DM, Choong PF. Reconstructions of the shoulder follow-
ing tumour resection. J Orthop Surg-Hong K. 2007;15(2):201–6.

	21.	 Marulanda GA, Henderson E, Cheong D, Letson GD. Proximal and total 
humerus reconstruction with the use of an aortograft mesh. Clin Orthop 
Relat R. 2010;468(11):2896–903.

	22.	 Hardes J, Ahrens H, Nottrott M, Dieckmann R, Gosheger G, Henrichs 
MP, Streitburger A. Attachment tube for soft tissue reconstruction 
after implantation of a mega-endoprosthesis. Oper Orthop Traumato. 
2012;24(3):227–34.

	23.	 Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ. A 
system for the functional evaluation of reconstructive procedures after 
surgical treatment of tumors of the musculoskeletal system. Clin Orthop 
Relat R. 1993;286:241–6.

	24.	 Richards RR, An KN, Bigliani LU, Friedman RJ, Gartsman GM, Gristina 
AG, Iannotti JP, Mow VC, Sidles JA, Zuckerman JD. A standardized 
method for the assessment of shoulder function. J Shoulder Elb Surg. 
1994;3(6):347–52.

	25.	 Carlsson AM. Assessment of chronic pain. I. Aspects of the reliability and 
validity of the visual analogue scale. Pain. 1983;16(1):87–101.

	26.	 Enneking WF. A system of staging musculoskeletal neoplasms. Clin 
Orthop Relat R. 1986;204:9–24.

	27.	 Enneking WF, Spanier SS, Goodman MA. A system for the surgical staging 
of musculoskeletal sarcoma. 1980. Clin Orthop Relat R. 2003(415):4–18.

158112225@csu.edu.cn
http://www.chictr.org.cn


Page 11 of 11Tong et al. World Journal of Surgical Oncology          (2023) 21:123 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	28.	 Hackett DJ, Hsu JE, Matsen FR. Primary shoulder hemiarthroplasty: what 
can be learned from 359 cases that were surgically revised? Clin Orthop 
Relat R. 2018;476(5):1031–40.

	29.	 Gosheger G, Hillmann A, Lindner N, Rodl R, Hoffmann C, Burger H, Win-
kelmann W. Soft tissue reconstruction of megaprostheses using a trevira 
tube. Clin Orthop Relat R. 2001;393:264–71.

	30.	 Trieb K, Blahovec H, Brand G, Sabeti M, Dominkus M, Kotz R. In vivo and 
in vitro cellular ingrowth into a new generation of artificial ligaments. Eur 
Surg Res. 2004;36(3):148–51.

	31.	 Raiss P, Kinkel S, Sauter U, Bruckner T, Lehner B. Replacement of the proxi-
mal humerus with MUTARS tumor endoprostheses. Ejso-Eur J Surg Onc. 
2010;36(4):371–7.

	32.	 Mayilvahanan N, Paraskumar M, Sivaseelam A, Natarajan S. Custom 
mega-prosthetic replacement for proximal humeral tumours. Int Orthop. 
2006;30(3):158–62.

	33.	 Ji T, Tang X, Guo W. The use of Ligament Advanced Reinforcement System 
(LARS) in limb salvage surgery: a pilot clinical study. J Arthroplasty. 
2013;28(6):892–4.

	34.	 Du Z, Tang S, Yang R, Tang X, Ji T, Guo W. Use of an artificial ligament 
decreases hip dislocation and improves limb function after total femoral 
prosthetic replacement following femoral tumor resection. J Arthroplasty. 
2018;33(5):1507–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Use of LARS for soft tissue function reconstruction during tumor-type hemi-shoulder replacement achieves a good prognosis: a retrospective cohort study
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Operative technique
	Postoperative management and follow-up
	Statistical analysis

	Results
	Discussion
	Conclusions
	Anchor 16
	References


