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Simple Summary: The soft tissue reconstruction around proximal or total humeral megaprostheses
following limb-sparing resection of a primary malignant bone tumor can be a challenge. A surgical
technique to overcome these challenges is the Bateman-type soft tissue reconstruction, which is
performed as a lateral acromion and trapezoid transfer aiming to improve soft tissue coverage and
postoperative function. However, the functional outcome and the endoprosthetic complications of
this procedure have hardly been evaluated. Our study shows that the Bateman-type reconstruction
is a feasible treatment option, but the postoperative functional outcome is overall limited although
good to excellent functional results can be achieved in individual patients. The risk for revision
surgery is high within the first year, but remains low thereafter.

Abstract: We aimed to evaluate the functional outcome and endoprosthetic complications following
the Bateman-type soft tissue reconstruction around proximal or total humeral replacements in
patients undergoing resection of a primary malignant bone tumor. Between September 2001 and
December 2018, a total of 102 patients underwent resection of a primary malignant bone tumor
and subsequent reconstruction with a modular humeral megaprosthesis in our department. Fifteen
(15%) of these patients underwent a Bateman-type soft tissue reconstruction and were included
in this retrospective study. The median Musculoskeletal Tumor Society (MSTS) score was 21, the
median Toronto Extremity Salvage Score (TESS) was 70, and the median American Shoulder and
Elbow Surgeons (ASES) score was 72. Fifty-three percent (8/15) of all patients required a revision
surgery after a median time of 6 months. There were 2 soft tissue failures, 3 infections and 3 tumor
recurrences. The revision-free implant survivorship amounted to 53% (95% confidence interval (CI)
28-81) after 1 year and 47% (95% CI 22-73) at last follow-up. The Bateman-type reconstruction is a
feasible option for soft tissue reconstruction but functional outcome is overall limited and the risk for
revision surgery within the first postoperative year is high.

Keywords: primary malignant bone tumors; limb-salvage; megaprosthesis; soft tissue; functional
outcome; endoprosthetic complications

1. Introduction

The humerus is a common site for primary malignant bone tumors [1]. While there are
several multimodal treatment protocols that are adapted depending on tumor histology,
tumor resection with a wide margin is considered the gold standard surgical treatment [2].
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In the majority of cases, a limb-sparing resection is possible, but surgeons are subsequently
challenged with the reconstruction of the segmental bone defect and the adjacent shoulder
joint [3]. Over the last decades, endoprosthetic replacement using a modular megaprosthe-
sis has evolved as a favorable and widely used approach for reconstruction [4-6]. However,
while long-term implant survivorship of proximal or total humeral replacements can be
considered good, soft tissue failures such as dislocation, migration and problematic implant
coverage are the main cause of revision surgery [5,7,8]. Furthermore, functional outcome
in these patients can be limited [9-12].

Surgeons have attempted several surgical techniques using muscle transfers and en-
bloc flaps to address these challenges [11,13-17] (Table 1). One surgical procedure is the
Bateman procedure, which was originally described by Bateman J.E. in 1955 for patients
with an irreparable paralysis of the deltoid muscle due to axillary nerve damage [18]. In
these patients, Bateman aimed to restore shoulder abduction by utilizing the trapezius
muscle with its muscle attachments at the acromion and the lateral part of the scapular
spine, transferring and fixing it as far down the humeral shaft as possible, maximizing
leverage [18].

Table 1. Exemplary overview of different surgical techniques to reconstruct soft tissues in proximal
humeral endoprosthetic replacement.

Name Surgical Technique

Mobilization of the trapezius muscle and its
bony attachments at the acromion and the
lateral part of the scapular spine, fixing it to the
lateral proximal humerus

Bateman procedure [18]

Mobilization of the trapezius muscle and its
bony attachment at the acromion, fixing it to
the attachment tube of the endoprothetic
proximal humeral replacement

Bateman-type reconstruction [17]

Mobilization of the latissimus dorsi muscle and

Gerber procedure [19] fixing it to the lateral proximal humerus

Extra-articular en bloc removal of the scapula,

Tikhoff-Linberg procedure [13] the lateral clavicle and the proximal humerus

Resection of the glenoid, the lateral clavicle
Modified Tikhoff-Linberg procedure [14] and the proximal humerus and endoprosthetic
replacement of the proximal humerus

Mobilization of the latissimus dorsi and teres
Sever-L'Episcopo procedure [11] major muscles and transfer to the lateral
proximal humerus posteriorly

However, despite the need for improved techniques in soft tissue reconstruction
around proximal and total humeral megaprostheses, this procedure has only been investi-
gated by a single case report [17].

Thus, the aim of our study was to evaluate the functional outcome and endoprosthetic
complications of a Bateman-type reconstruction performed as a lateral acromion and
trapezoid transfer in patients with primary malignant bone tumor who underwent resection
and megaprosthetic proximal or total humerus replacement.

2. Materials and Methods

Between September 2001 and December 2018, a total of 580 patients underwent
resection of a primary malignant tumor of the long bones and subsequent reconstruction
with a modular megaprosthesis in our department. In 102 of these patients (18%), location
of the tumor was the proximal humerus. 15 of these patients (15%) underwent the Bateman-
type reconstruction and were included in this retrospective study (Figure 1, Table 2).
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Figure 1. Study flow diagram.

Table 2. Demographics, oncological and surgical details.

Variable n (%)

Gender

Female 6 (40%)

Male 9 (60%)
Tumor Entity

Osteosarcoma 10 (67%)

Chondrosarcoma 4 (27%)

Clear Cell Chondrosarcoma 1 (7%)
Type of Tumor Resection

Intra-articular 6 (40%)

Extra-articular 9 (60%)
Type of Reconstruction

Proximal Humeral Replacement 9 (60%)

Total Humeral Replacement 6 (40%)
Type of Shoulder Reconstruction

Anatomic 12 (80%)

Reverse 3 (20%)

2.1. Data Collection

Patients” demographics, tumour characteristics, surgical and oncological treatment as
well as endoprosthetic failure and its subsequent treatment were retrospectively retrieved
from patients’ electronic medical records. Functional outcome was determined in surviving
patients at last follow-up and included evaluation of the shoulder range of motion (ROM)
and determination of 3 standardized scoring systems: the Musculoskeletal Tumor Society
(MSTS) score, the Toronto Extremity Salvage Score (TESS) and the American Shoulder and
Elbow Surgeons Score (ASES) [20-22].
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2.2. Study Population

Fifteen patients (9 male) with a median BMI of 25 (Interquartile range (IQR) 22-27)
and a median age at the time of surgery of 19 (IQR 15-34) years were available for analysis
after a median follow-up of 49 (IQR 25-100) months. Patients who died of their disease or
underwent revision surgery were included irrespective of the follow-up period; for all other
patients the minimum follow-up was 24 months. Seven patients died of their disease after a
median time of 25 (IQR 20-49) months. In the 8 surviving patients, the median follow-up
amounted to 80 (IQR 47-113) months. Functional outcome data were available for 6 of these
patients as 1 patient lived overseas and 1 patient was not contactable. The overall patient
survival probability was 80% (95% CI 60-100) after 2 years and 50% (95% CI 24-76) after
5 years. Demographic, oncological and surgical details are presented in Table 2.

2.3. Surgical Technique

All patients undergoing the Bateman-type reconstruction (Figure 2) were treated
under general anaesthesia and in the lateral decubitus position. To ensure a sufficient
anatomic exposure, an anterolateral approach with resection of the biopsy channel was
established. Depending on tumour extension on preoperative imaging, neurovascular
structures, muscle tissue and humeral bone were preserved, respecting sufficient margins.
The respective tendons of the deltoid muscle, triceps, biceps and rotator cuff were tagged.
Following glenohumeral dislocation and removal of the tumor, a reamer was used to
prepare the remaining humeral shaft in patients undergoing proximal humeral replacement
or to prepare the proximal ulna in patients undergoing total humeral replacement for
subsequent press-fit implantation of the modular tumor endoprothesis (Figure 3a). In
patients with reduced bone quality and where a press-fit fixation was not stable, a cemented
humeral/ulnar stem fixation was used. Depending on the resection of the rotator cuff,
deltoid muscle and preservation of the axillary nerve, a reverse or anatomic shoulder
reconstruction was performed [23,24]. Additionally, an attachment tube (Trevira tube,
Implantcast GmbH, Buxtehude; Germany) was used for soft tissue reconstruction and
was fixed to the glenoid with non-absorbable No. 2 FiberWire® (Arthrex, Naples, FL,
USA) [25,26] (Figure 3b). The modular megaprosthesis was then assembled and shuttled
through the attachment tube. To achieve glenohumeral stability, several FiberWire® sutures
were used to fixate the attachment tube to the implant (Figure 3c). If there was insufficient
coverage of the implant and the attachment tube after mobilization and refixation of the
remaining shoulder and arm muscles following tumor resection, a Bateman-type transfer
was performed as the reconstructive approach of choice and no other techniques for soft
tissue coverage around humeral megaprostheses were used during that time. While
in previous cases a combination of the Bateman-type reconstruction and an additional
latissimus dorsi transfer was performed, non-satisfactory functional results led to the sole
performance of the Bateman-type reconstruction in the present cohort [17]. For the Bateman-
type reconstruction, the trapezius muscle with its acromial bony attachment was identified,
freed from deltoid muscle fibers and then mobilized and attached to the attachment tube at
the lateral proximal humerus using several FiberWire® sutures (Figure 3c,d). Afterwards,
the previously tagged tendons and remaining soft tissue were attached to the attachment
tube [25,26]. Postoperatively, the arm was immobilized in an abduction orthesis (DONJOY®
Ultrasling® IIT, Ormed GmbH, Freiburg, Germany) for 6 weeks. Active mobilization of the
hand and elbow were encouraged immediately on the second postoperative day, whilst
passive mobilization of the shoulder started 4 weeks postoperatively with increasing active
and assistive mobilization following 6 weeks postoperatively.
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Figure 2. The Bateman-type reconstruction: The trapezius muscle and its acromial bony attachment
are mobilized and attached to the attachment tube at the lateral proximal humerus.

2.4. Classification of Endoprosthetic Failure and Assessment of Functional Outcome

Endoprosthetic failure was classified according to Henderson et al., as soft tissue
failure (Type 1), aseptic loosening (Type 2), structural failure (Type 3), infection (Type 4) and
tumour progression (Type 5) [7]. Functional outcome was determined using 3 standardized
scoring systems: The physician-reported MSTS score, which is specifically developed for
functional evaluation following limb-salvage surgery in sarcoma patients and consists of
6 categories in the upper extremity version, each rated from 0 (worst) to 5 (best): pain,
function, emotional acceptance, hand positioning, dexterity and lifting ability [20]. The
patient-reported TESS upper extremity questionnaire, which is also specifically developed
for functional evaluation of sarcoma patients undergoing limb-salvage surgery, was also
used [21]. For the TESS, patients rate their functional difficulties experienced by performing
a total of 29 daily tasks including dressing, self-care, household chores, mobility, leisure
and work activities on a scale from 1 (impossible to do) to 5 (not at all difficult) [21,27].
The patient- and physician-reported ASES score, which is a more general score developed
to assess functional outcome after shoulder and elbow surgery is equally weighted for
pain (50%) and function (50%) [22]. While the pain is assessed using a VAS, function
is determined by 10 questions regarding daily and sporting activities, each scored from
0 (unable to do) to 3 (not difficult) [22].
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(©) (d)

Figure 3. The Bateman-type soft tissue reconstruction with (a) the situs of the left upper extremity following glenohumeral
dislocation and removal of the tumor with tagged neurovascular structures. (b) An attachment tube is fixed to the glenoid
with non-absorbable No. 2 FibreWire®. (c) The assembled modular megaprosthesis is shuttled through the attachment tube
and fixated with several FibreWire® sutures before the acromial attachment of the trapezius muscle is identified and freed
from deltoid muscle fibres. (d) The trapezius is then transferred with its acromial attachment and fixed to the attachment
tube at the lateral proximal humerus using several FibreWire® sutures.
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2.5. Statistical Analysis

Statistical analysis was performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA).
The duration of follow-up and the time to event were calculated from the date of surgery to
the date of event or the last documented contact with the patient as of May 2021. Implant
and patient survival probabilities with 95% confidence intervals (CI) were calculated using
the Kaplan-Meier method and compared with the log-rank test. Depending on data
distribution, as determined by the Kolmogorov-Smirnov test, non-parametric analyses
were performed with the Mann-Whitney-U-test and parametric comparisons were made
with the student’s t-test. All p-values are two-sided and a p-value < 0.05 was considered to
be statistically significant.

2.6. Ethics and Funding

The study was approved by the local ethics committee (Ethik-Kommission der Arztekam-
mer Westfalen-Lippe, 2020-898-f-S) and performed in accordance with the Declaration of
Helsinki. We acknowledge support from the Open Access Fund of the University of Miinster.

3. Results
3.1. Functional Outcome

The median MSTS score amounted to 21 (IQR 17-27), the median TESS to 70 (IQR
59-91) and the median ASES to 72 (IQR 64-85). The median shoulder anteversion was 20°
(IQOR 10-38°) with a 20° median retroversion (IQR 10-25°), 20° median abduction (IQR
10-30°), 20° median adduction (IQR 10-30), 40° median internal rotation (IQR 25-40°)
and 20° median external rotation (IQR 10-35). The best functional outcome scores (MSTS
28, ASES 95, TESS 97) were observed at the 10-year-follow-up examination in a then
27-year-old male patient who underwent extra-articular resection of an osteosarcoma and
subsequent proximal humeral replacement (Supplementary file, Video S1).

No differences in functional outcome scores were found for the 3 patients undergoing
an intra- or extra-articular tumor resection, respectively or the 3 patients who underwent
an anatomic or reverse shoulder reconstruction, respectively (Table 3). Furthermore, no
differences in shoulder ROM were found among patients with intra- and extra-articular
tumor resection, while for patients undergoing reverse shoulder reconstruction all ROM
except internal rotation were better compared to patients undergoing anatomic shoulder
reconstruction (Table 4).

Table 3. Median MSTS, TESS and ASES scores differentiated by type of tumor resection and
shoulder reconstruction.

MSTS TESS ASES
Type of Tumor Resection
Intra-articular 20 73 72
Extra-articular 20 66 73
p=07 p=10 p=07
Type of Shoulder Reconstruction
Anatomic 18 52 65
Reverse 26 73 86
p=02 p=01 p=02

MSTS = Musculoskeletal Tumor Society Score, TESS = Toronto Extremity Salvage Score, ASES = American
Shoulder and Elbow Surgeons Score.

3.2. Endoprosthetic Complications

Fifty-three percent (8/15) of all patients required revision for a complication after a
median time of 6 months (IQR 3-10). There were 2 soft tissue failures (Henderson Type 1;
1 dislocation, 1 wound dehiscence) that were treated with a modular component exchange
and a soft tissue revision, respectively. There were 3 infections (Henderson Type 4) that
were treated with debridement, exchange of mobile components and antibiotics in the first



Cancers 2021, 13, 3971

8of11

patient, removal of the prosthesis and insertion of a spacer in the second patient and the
third patient underwent amputation due to poor soft tissues. Furthermore, there were
3 cases of tumor recurrence (Henderson Type 5) after a median time of 7 months. Two
of these patients underwent amputation and a limb-sparing surgery was performed in
the remaining patient due to a small soft tissue lesion. However, the latter patient had a
re-recurrence 52 months after the initial surgery and 45 months after the first recurrence,
which was treated by an amputation. Overall, the revision-free implant survivorship
amounted to 53% (95% CI 28-81) after 1 year and to 47% (95% CI 22-73) at last follow-up.
The limb survival probability was 93% (95% CI 81-100) at 1 year and 72% (95% CI 32-100)
at last follow-up.

Table 4. Shoulder ROM for patients undergoing anatomic and reverse shoulder reconstruction with statistical significance

in bold.
Ante- Retro- . . Internal External
Version Version Abduction Adduction Rotation Rotation
Type of Shoulder 10 10 20 30 15
Reconstruction
Anatomic 10 10 10 20 30 15
Reverse 80 30 40 40 40 40
p =0.049 p =0.049 p =0.049 p =0.007 p=0.112 p=0.028

ROM = range of motion.

4. Discussion

The most important findings of our study are: (1) Functional outcome following
the Bateman-type procedure in musculoskeletal oncology is limited but good to excellent
results as determined by MSTS, TESS and ASES score can be achieved in individual patients.
(2) The revision-free implant survivorship after 1 year is diminished with nearly every
second patient requiring revision surgery during the first 12 months. (3) Limb survivorship
at 1 year and at final follow-up is overall acceptable.

Several previous studies have evaluated the functional outcome of Bateman-type pro-
cedures in non-oncological cohorts [28,29]. Agrawal et al. performed a modified Bateman
procedure by mobilizing the trapezius only with its clavicular attachment in 32 patients
with a brachial plexus injury and reported an improvement of the mean shoulder an-
teversion from 6° (range, 0-15°) to 55° (range, 40-90°) and an improved mean shoulder
abduction from 8° (range, 0-30°) to 85° (range, 45-140°) [28].

Functional results in our cohort remain overall lower than those previously reported.
But even Agrawal et al. pointed out that “functional outcome following transfer of the
trapezius muscle varies considerably” [28]. While the sole aim of performing the Bateman
procedure in non-oncological patients is to improve function, the aim in oncological patient
cohorts is also soft tissue coverage, resulting in a trade-off of the optimal anatomic leverage,
which subsequently results in a poorer functional outcome and a higher complication rate.
Furthermore, all of the patients in our cohort underwent glenohumeral joint replacement
making it difficult to compare function and complications between oncological and non-
oncological patient cohorts.

One different but similar surgical approach being frequently performed in muscu-
loskeletal oncology is the Tikhoff-Linberg procedure [13,14]. The classic Tikhoff-Linberg
procedure is defined as an en bloc removal of the scapula, the lateral clavicle and the
proximal humerus and the respective connecting muscles [13]. Later, various modifications
to this procedure were reported, including endoprosthetic replacement of the proximal
humerus and resection of only the glenoid while saving the remaining scapula [13,14].
Capanna et al. performed 12 classic and 12 modified Tikhoff-Linberg procedures in
24 patients with malignancies of the proximal humerus [14]. While not reporting average
values for the shoulder ROM, Capanna et al. have assessed function using a modified
Enneking functional evaluation system rating 1 patient good, 6 fair and 5 poor from the
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cohort of the classic Tikhoff-Linberg procedure and 4 good, 7 fair and 1 poor in the cohort
undergoing the modified Tikhoff-Linberg procedure [14].

Voggenreiter et al. performed the modified Tikhoff-Linberg procedure in 19 patients
with primary malignant bone tumors, malignant soft tissue tumors and solitary metastases
and reported a mean MSTS in surviving patients of 72% (range, 33—-87%) and a shoulder
abduction ranging from 30°—45° (excluding one patient with no shoulder abduction at all)
at 10-year-follow up [13].

While these functional results are more comparable to our reported results, the re-
spective patient cohorts vary considerably. While Capanna et al. and Voggenreiter et al.
included patients with soft tissue and secondary malignancies, our patient cohort solely
consists of patients with primary malignant bone tumors [13,14]. In addition, patients
reported by Capanna et al. and Voggenreiter et al. solely underwent proximal humeral
replacement, whereas 3 of 6 surviving patients with available functional outcome in our co-
hort underwent total humeral replacement, making it again overall challenging to compare
the functional outcome among these cohorts.

Although Grimer et al. showed that the proximal humerus had the lowest long-term
rate of revision surgery compared to other locations in a cohort of 230 patients undergoing
limb-salvage surgery with endoprosthetic replacement for a primary malignant bone tumor,
the risk of endoprosthetic complications and revision surgery in musculoskeletal oncology
is overall high with mechanical implant failures and periprosthetic infections being the
predominant reasons for revision surgery [7,8]. Henderson et al. showed that although soft
tissue failures (Henderson Type 1) only accounted for 12% of all failures in their cohort of
2174 patients receiving an endoprosthetic replacement for tumor resection, they accounted
for 24% of endoprosthetic failures of proximal humerus replacements [7]. In addition,
infection (Henderson Type 4) and tumor progression (Henderson Type 5) accounted for 37%
and 17% of endoprosthetic failures of all proximal humerus replacements, respectively [7].

Although the relative distribution of failures described by Henderson et al. is in line
with our cohort, the relative number of patients requiring revision surgery in our cohort
(53%) is by far higher than reported by Henderson et al. (17%) [7]. This might be attributed
to the additional demanding trapezius transfer in patients who might have otherwise
undergone amputation.

Limb-survivorship following excision of bone tumors and subsequent megaprosthetic
reconstruction is overall good to excellent as Jeys et al. reported a long-term amputation
rate of only 8.9% (112 of 1261 patients) in these patients with local recurrence (63%; 71/112)
and infection (34%; 38/112) being the “single biggest risk factor” for amputation [30,31].
Similar to Jeys et al., we observed 2 amputations (13%, 2/15), both attributed to a local
recurrence. On the contrary, Capanna et al. observed only 1 patient (4%, 1/24) with a
local recurrence in their cohort but opted against amputation in a palliative situation with
concomitant inoperable lung metastases [14].

Limitations

We acknowledge several limitations of our study. (1) The study follows a retrospective
design and the reported endoprosthetic complications must be considered as low-end
estimates as patients could have been treated elsewhere. (2) The number of patients in this
study is small. While this can be attributed to the rarity of this approach, we are able—to
the best of our knowledge—to report the largest cohort of patients undergoing a Bateman-
type procedure in musculoskeletal oncology treated with a single design modular implant
at a single tertiary university hospital. (3) Functional results were only available in 6 of
8 surviving patients as 1 patient lived overseas and 1 patient was not contactable. However,
we repeatedly tried to contact the remaining patient but were unable to schedule a follow-
up examination to determine shoulder ROM and determine the functional outcome scores.
(4) Furthermore, there was no control group of patients that were treated with a different
muscle transfer of free flaps for this indication.
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5. Conclusions

The Bateman-type reconstruction is a feasible option for soft tissue reconstruction
around megaprosthetic proximal or total humeral replacements in patients undergoing
limb-sparing resection of a primary malignant bone tumor of the humerus. While the
functional outcome is overall limited, good to excellent functional results can be achieved
in individual patients. The risk for revision surgery is high within the first postoperative
year but remains low thereafter. Limb-survivorship after the first and fifth postoperative
year is overall acceptable.

Supplementary Materials: The following video is available online at https://www.mdpi.com/
article/10.3390/cancers13163971/s1, Video S1: 27-year-old male who underwent extra-articular
resection of an osteosarcoma and subsequent proximal humeral replacement with the Bateman-type
soft tissue reconstruction at 10-year-follow-up examination with nearly excellent functional outcome
scores (MSTS 28, ASES 95, TESS 97).

Author Contributions: Conceptualization, H.A., C.T., G.G., R.R. and K.N.S.; methodology, H.A.,
C.T, G.G. and K.N.S;; validation, H.A., G.G., C.R,, ].S., T A. and K.N.S,; formal analysis, H.A., C.T.
and G.G.; investigation, H.A., G.G., ].S., T A,, SK. and K.N.S,; resources, G.G., R.R. and C.R,; data
curation, C.T. and K.N.S.; writing—original draft preparation, H.A., G.G., R R. and K.N.S.; writing—
review and editing, H.A., C.T,, G.G,,SK, CR, ].S, T.A. and K.N.S,; visualization, K.N.S. and N.D.;
supervision, H.A., G.G. and R.R.; project administration, G.G. and K.N.S. All authors have read and
agreed to the published version of the manuscript.

Funding: We acknowledge support from the Open Access Publication Fund of the University of
Miinster/Germany.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the local Ethics Committee (Ethik-Kommission Arztekam-
mer Westfalen-Lippe. Reference number: 2020-898-f-S.

Informed Consent Statement: Informed consent was waived by our local ethics committee due to
the retrospective design of our study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Lukas Peter Lampe and Tymoteusz Budny for preparation of intraop-
erative imaging (TB) and the supplementary video (LPL).

Conflicts of Interest: One author certifies that he (G.G.) holds a patent for silver coating of a metallic
prosthesis and receives payments from Implantcast GmbH (Buxtehude, Germany). One author (C.T.)
certifies that he has received travel expenses from Implantcast GmbH, Buxtehude, Germany. One
author (R.R.) certifies that he holds a patent on an implant for hemi-epiphyeodesis and receives
payments from Merete GmbH (Berlin, Germany), has received research grants from NuVasive
(San Diego, CA, USA), has received payments for lectures from Smith & Nephew (London, UK)
and Nuvasive (San Diego, CA, USA) and has received payments for development of educational
presentations from the German Society of Pediatric Orthopedics (VKO; Berlin, Germany). All conflicts
of interest are outside the submitted work and all other authors declare no conflicts of interest.

1.  Below, C. Dahlins Bone Tumors: General Aspects and Data on 11,087 Cases, 5th ed.; Lippincott-Raven: Philadelphia, PA, USA, 1996.
2.  Hameed, M.; Dorfman, H. Primary Malignant Bone Tumors—Recent Developments. Semin. Diagn. Pathol. 2011, 28, 86-101.

[CrossRef]

3. Bohler, C.; Bronimann, S.; Kaider, A.; Puchner, S.E.; Sigmund, L.K.; Windhager, R.; Funovics, P.T. Surgical and Functional Outcome
after Endoprosthetic Reconstruction in Patients with Osteosarcoma of the Humerus. Sci. Rep. UK 2018, 8, 16148. [CrossRef]

4. Nota, S.; Teunis, T.; Kortlever, J.; Ferrone, M.; Ready, J.; Gebhardt, M.; Raskin, K.; Hornicek, F; Schwab, J.; Calderon, S.L.
Functional Outcomes and Complications After Oncologic Reconstruction of the Proximal Humerus. J. Am. Acad. Orthop. Sur.
2018, 26, 403—409. [CrossRef]

5. Kumar, D.; Grimer, R.J.; Abudu, A.; Carter, S.R.; Tillman, R.M. Endoprosthetic Replacement of the Proximal Humerus. Long-Term
Results. . Bone Jt. Surg. Br. Vol. 2003, 85, 717-722. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers13163971/s1
https://www.mdpi.com/article/10.3390/cancers13163971/s1
http://doi.org/10.1053/j.semdp.2011.02.002
http://doi.org/10.1038/s41598-018-34397-5
http://doi.org/10.5435/JAAOS-D-16-00551
http://doi.org/10.1302/0301-620X.85B5.13838

Cancers 2021, 13, 3971 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fiore, M.; Sambri, A.; Giannini, C.; Zucchini, R.; Cristofaro, R.D.; Paolis, M.D. Anatomical and Reverse Megaprosthesis in
Proximal Humerus Reconstructions after Oncologic Resections: A Systematic Review and Meta-Analysis. Arch. Orthop. Traum.
Surg. 2021, 1-11. [CrossRef]

Henderson, E.R.; Groundland, J.S.; Pala, E.; Dennis, J.A.; Wooten, R.; Cheong, D.; Windhager, R.; Kotz, R.I.; Mercuri, M.;
Funovics, P.T,; et al. Failure Mode Classification for Tumor Endoprostheses. J. Bone Jt. Surg. 2011, 93, 418—429. [CrossRef]
Grimer, R.].; Aydin, B.K.; Wafa, H.; Carter, S.R.; Jeys, L.; Abudu, A.; Parry, M. Very Long-Term Outcomes after Endoprosthetic
Replacement for Malignant Tumours of Bone. Bone Jt. . 2016, 98-B, 857-864. [CrossRef]

Smolle, M.A.; Andreou, D.; Tunn, P-U.; Leithner, A. Advances in Tumour Endoprostheses: A Systematic Review. EFORT Open
Rev. 2019, 4, 445-459. [CrossRef]

Theil, C.; Roder, J.; Gosheger, G.; Deventer, N.; Dieckmann, R.; Schorn, D.; Hardes, J.; Andreou, D. What Is the Likelihood That
Tumor Endoprostheses Will Experience a Second Complication after First Revision in Patients with Primary Malignant Bone
Tumors and What Are Potential Risk Factors? Clin. Orthop. Relat. Res. 2019, 477, 2705-2714. [CrossRef]

Sirveaux, FE. Reconstruction Techniques after Proximal Humerus Tumour Resection. Orthop. Traumatol. Surg. Res. 2018, 105,
S153-5164. [CrossRef] [PubMed]

Schneider, K.N.; Broking, ].N.; Gosheger, G.; Liibben, T.; Hardes, J.; Schorn, D.; Smolle, M.A_; Theil, C.; Andreou, D. What Is the
Implant Survivorship and Functional Outcome after Total Humeral Replacement in Patients with Primary Bone Tumors? Clin.
Orthop. Relat. Res. 2021. [CrossRef]

Voggenreiter, G.; Assenmacher, S.; Schmit-Neuerburg, K.-P. Tikhoff-Linberg Procedure for Bone and Soft Tissue Tumors of the
Shoulder Girdle. Arch. Surg. Chic. 1999, 134, 252-257. [CrossRef] [PubMed]

Capanna, R.; van Horn, J.R; Biagini, R.; Ruggieri, P.; Ferruzzi, A.; Campanacci, M. The Tikhoff-Linberg Procedure for Bone
Tumors of the Proximal Humerus: The Classical “Extensive” Technique versus a Modified “Transglenoid” Resection. Arch.
Orthop. Traum. Surg. 1990, 109, 63—67. [CrossRef]

Nakagawa, M.; Nagamatsu, S.; Kayano, S.; Koizumi, T.; Matsui, T.; Katsuragi, Y.; Yamamoto, Y.; Iida, T.; Takahashi, M.;
Katagiri, H.; et al. Strategy of Limb Salvage Surgery Using Free Flap for Malignant Tumors of the Extremities. ]. Jpn. Soc. Reconstr.
Microsurg. 2011, 24, 367-376. [CrossRef]

Selber, ].C.; Treadway, C.; Lopez, A.; Lewis, V.O.; Chang, D.W. The Use of Free Flap for Limb Salvage in Children with Tumors of
the Extremities. J. Pediatr. Surg. 2011, 46, 736-744. [CrossRef]

Gosheger, G.; Hardes, J.; Ahrens, H.; Gebert, C.; Winkelmann, W. Endoprosthetic Replacement of the Humerus Combined with
Trapezius and Latissimus Dorsi Transfer: A Report of Three Patients. Arch. Orthop. Traum. Surg. 2005, 125, 62—-65. [CrossRef]
[PubMed]

Bateman, J.C. The Shoulder and Its Environs; The C.V. Mosby Company: St. Louis, MO, USA, 1955.

Gerber, C. Latissimus Dorsi Transfer for the Treatment of Irreparable Tears of the Rotator Cuff. Clin. Orthop. Relat. Res. 1992, 275,
152-160. [CrossRef]

Enneking, W.E; Dunham, W.; Gebhardt, M.C.; Malawar, M.; Pritchard, D.J. A System for the Functional Evaluation of Reconstruc-
tive Procedures after Surgical Treatment of Tumors of the Musculoskeletal System. Clin. Orthop. Relat. Res. 1993, 286, 241-246.
[CrossRef]

Davis, A.M.; Wright, ].G.; Williams, ].I.; Bombardier, C.; Griffin, A.; Bell, R.S. Development of a Measure of Physical Function for
Patients with Bone and Soft Tissue Sarcoma. Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 1996, 5, 508-516. [CrossRef]
Richards, R.R.; An, K.-N,; Bigliani, L.U.; Friedman, R.J.; Gartsman, G.M.; Gristina, A.G.; lannotti, ].P.; Mow, V.C,; Sidles, ].A.;
Zuckerman, J.D. A Standardized Method for the Assessment of Shoulder Function. . Shoulder Elb. Surg. 1994, 3, 347-352.
[CrossRef]

Dieckmann, R.; Liem, D.; Gosheger, G.; Henrichs, M.-P.; Holl, S.; Hardes, J.; Streitbtirger, A. Evaluation of a Reconstruction
Reverse Shoulder for Tumour Surgery and Tribological Comparision with an Anatomical Shoulder Arthroplasty. Int. Orthop.
2013, 37, 451-456. [CrossRef] [PubMed]

Streitbtirger, A.; Henrichs, M.; Hardes, J.; Dieckmann, R.; Hoell, S.; Gosheger, G. Proximaler Humerusersatz bei malignen
Schultergelenktumoren. Oper. Orthopidie Und Traumatol. 2012, 24, 174-185. [CrossRef]

Gosheger, G.; Hillmann, A.; Lindner, N.; Rodl, R.; Hoffmann, C.; Biirger, H.; Winkelmann, W. Soft Tissue Reconstruction of
Megaprostheses Using a Trevira Tube. Clin. Orthop. Relat. Res. 2001, 393, 264-271. [CrossRef]

Hardes, J.; Ahrens, H.; Nottrott, M.; Dieckmann, R.; Gosheger, G.; Henrichs, M.-P; Streitbiirger, A. Der Anbindungsschlauch zur
Weichteilrekonstruktion nach Megaprothesenimplantation. Oper. Orthopidie Traumatol. 2012, 24, 227-234. [CrossRef] [PubMed]
Xu, L.; Sun, M.; Sun, W,; Qin, X.; Zhu, Z.; Wang, S. Cross-Cultural Adaptation and Validation of the Chinese Version of Toronto
Extremity Salvage Score for Patients with Extremity Sarcoma. Springerplus 2016, 5, 1118. [CrossRef] [PubMed]

Agrawal, N.K. Transfer of Upper Trapezius with Clavicular Segment for Restoration of Shoulder Movements Following Injury to
the Brachial Plexus. Plast. Aesthetic Res. 2015, 2, 346-349. [CrossRef]

Aziz, W,; Singer, R.; Wolff, T. Transfer of the Trapezius for Flail Shoulder after Brachial Plexus Injury. J. Bone Jt. Surg. Br. Vol. 1990,
72-B, 701-704. [CrossRef]

Jeys, LM.; Grimer, R.J.; Carter, S.R.; Tillman, R.M. Risk of Amputation Following Limb Salvage Surgery with Endoprosthetic
Replacement, in a Consecutive Series of 1261 Patients. Int. Orthop. 2003, 27, 160-163. [CrossRef]

Jeys, L.; Grimer, R. Treatment of Bone and Soft Tissue Sarcomas. Recent Results Canc. 2009, 179, 75-84. [CrossRef]


http://doi.org/10.1007/s00402-021-03857-5
http://doi.org/10.2106/JBJS.J.00834
http://doi.org/10.1302/0301-620X.98B6.37417
http://doi.org/10.1302/2058-5241.4.180081
http://doi.org/10.1097/CORR.0000000000000955
http://doi.org/10.1016/j.otsr.2018.04.024
http://www.ncbi.nlm.nih.gov/pubmed/29958931
http://doi.org/10.1097/CORR.0000000000001677
http://doi.org/10.1001/archsurg.134.3.252
http://www.ncbi.nlm.nih.gov/pubmed/10088563
http://doi.org/10.1007/BF00439380
http://doi.org/10.11270/jjsrm.24.367
http://doi.org/10.1016/j.jpedsurg.2010.09.002
http://doi.org/10.1007/s00402-004-0713-2
http://www.ncbi.nlm.nih.gov/pubmed/15723248
http://doi.org/10.1097/00003086-199202000-00022
http://doi.org/10.1097/00003086-199301000-00035
http://doi.org/10.1007/BF00540024
http://doi.org/10.1016/S1058-2746(09)80019-0
http://doi.org/10.1007/s00264-012-1771-7
http://www.ncbi.nlm.nih.gov/pubmed/23318938
http://doi.org/10.1007/s00064-011-0078-y
http://doi.org/10.1097/00003086-200112000-00030
http://doi.org/10.1007/s00064-011-0080-4
http://www.ncbi.nlm.nih.gov/pubmed/22743632
http://doi.org/10.1186/s40064-016-2818-9
http://www.ncbi.nlm.nih.gov/pubmed/27478735
http://doi.org/10.4103/2347-9264.169503
http://doi.org/10.1302/0301-620X.72B4.2380231
http://doi.org/10.1007/s00264-003-0429-x
http://doi.org/10.1007/978-3-540-77960-5_7

	Introduction 
	Materials and Methods 
	Data Collection 
	Study Population 
	Surgical Technique 
	Classification of Endoprosthetic Failure and Assessment of Functional Outcome 
	Statistical Analysis 
	Ethics and Funding 

	Results 
	Functional Outcome 
	Endoprosthetic Complications 

	Discussion 
	Conclusions 
	References

