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Abstract

Introduction: Limb salvage surgery is currently the most frequently used treatment option in Bulgaria for individuals with musculo-
skeletal malignancies. Clinical data about complications from these procedures is limited in the country, with only a few studies cur-
rently available.

Aim: The aim of our study is to analyze complication rates and patterns in Bulgarian patients treated with limb salvage surgery for
musculoskeletal malignancies.

Materials and methods: Our series consist of a retrospective review of 43 patients with musculoskeletal malignancies, who underwent
limb salvage surgeries at Boycho Boychev University Orthopedic Hospital in Sofia, Bulgaria, over a period of 10 years. For staging, we
used the AJCC and Enneking’s staging systems for malignant musculoskeletal tumors. Functionality was assessed with the MSTS sys-
tem. Assessment of complications was done with a modified Clavien-Dindo classification for surgical complications and Henderson’s
classification of failure of limb salvage after reconstructive surgery.

Results: The mean follow-up time for the series is 40 months (range 12 to 120 months). At the current follow-up, the overall survival
rate for the series is 72%. The overall complication rate for the series is 72% and the surgical revision rate is 46.5%. Of the encountered
complications, 84% were classified as grade IIIb using the Clavien-Dindo classification.

Conclusion: Bulgarian patients treated with limb salvage for musculoskeletal malignancies have high complication rates, with no clear
prevalence between mechanical and non-mechanical complication patterns. Many of the encountered complications are severe and
require additional surgical management.
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INTRODUCTION comas, as more than 80% of patients can be treated with this

surgical method.[!) Complications that are general for LSS
Limb salvage surgeries (LSS) are currently considered the  include local recurrence, wound infections and dehiscence,
gold standard for the treatment of bone and soft tissue sar-  neurovascular injuries, and problems with the soft-tissue
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coverage.l>#l The implementation of biological reconstruc-
tion with allo- and autografts is associated with complica-
tions such as nonunion or delayed union, graft fractures,
and infection.®*! Mechanical complications such as failure
of the expanding mechanism in pediatric patients, aseptic
loosening, stress shielding and periprosthetic fractures,
and deep infection are the main concerns in patients with
endoprosthetic reconstructions.!

In most cases, the complications associated with LSS are
severe and require some form of surgical treatment, which
will lower the quality of life of these patients. Overall com-
plications rates range from 23 to 46 % in recent studies.37]

AIM

The aim of our study was to analyze complication rates and
patterns in Bulgarian patients treated with LSS for malig-
nant bone and soft tissue sarcoma.

MATERIALS AND METHODS

A total of 43 patients (22 women and 21 men) with malig-
nant bone and soft tissue sarcoma, who underwent LSS at
Boycho Boychev University Orthopedic Hospital in Sofia,
Bulgaria, over a period of 10 years, were included in the
study. The mean age of the cohort is 29 years (from 13 to
79). Histological diagnosis included bone and soft-tissue
Ewing’s sarcoma (17 patients), high-grade osteosarcoma
(16 patients), high-grade chondrosarcoma (6 patients),
leiomyosarcoma (1 patient), malignant giant-cell tumor of
bone (1 patient), and metastases from renal-cell carcinoma
(2 patients).

Of the 43 patients, 32 underwent LSS with endopros-
thetic reconstruction. Sixteen reconstructions were re-
placements of the distal femur (50%). Reconstructions
of the proximal femur were 8 (25%). A total of 3 patients
(9.3%) had reconstructions of the tibia, 2 of which were
distal and 1 proximal. Five patients (15.7%) had humeral
reconstruction, two of whom received a total humerus re-
placement, and the other three received a proximal humer-
us replacement. The mean resection length for lower ex-
tremity reconstructions in our series was 20.7 centimeters
(range, 10 to 46 cm) and for upper extremity reconstruc-
tions 21.6 cm (from 14 to 32 cm). Endoprosthetic recon-
struction was carried out with MUTARS endoprostheses
(WITTENSTEIN intens GmbH, Igersheim, Germany)
and the Bulgarian made Implant G (ET IMPLANT D.G,
Etropole, Bulgaria) individual monoblok tumor endopros-
theses. A total of 25 patients received a MUTARS-type en-
doprosthesis, 6 of which were expandable-type MUTARS
Xpand; another 7 patients received an individual Implant
G endoprosthesis.

Segmental resection and reconstruction with an inter-
calary frozen allograft were done in 2 cases. One of them
had a 13-cm segmental resection of the tibial diaphysis and

the other had a 20-cm segmental resection of the femoral
diaphysis. Wide surgical excision or resection without any
reconstruction was done in the other 9 cases.

All patients were managed by our multidisciplinary on-
cologic committee. The retrospective information we ana-
lyzed included patient age and gender, tumor type, tumor
location and size, tumor stage, surgical resection length,
tumor necrosis percentage, metastases, postoperative
complications, and functionality. For staging, we used the
American Joint Committee on Cancer (AJCC) system for
bone and soft tissue sarcoma and the Enneking staging sys-
tem for malignant musculoskeletal tumors.!®! Functionality
was assessed with the musculoskeletal tumor society score
(MSTS) system, which measures 3 general criteria (pain,
emotional acceptance, and function) and 3 specific ones for
the upper and lower extremity. Each of these criteria are
rated from 0 to 5 with a maximum score of 30 indicating a
good functional outcome.

Assessment of complications was done with the Cla-
vien-Dindo’s classification for surgical complications. The
original 5 grade system is well known and is based on the
therapy needed to treat a certain complication. We used
a modified Clavien-Dindo classification for postoperative
complication in orthopedic surgery presented by Will-
huber et al.”) Additionally, patients were evaluated with
Henderson et al’s classification of failure of limb salvage
after reconstructive surgery. This system categorizes com-
plications into mechanical, non-mechanical, and pediat-
ric with 6 specific types for endoprosthetic and allograft
reconstructions.

Patient information was acquired through our institu-
tion’s medical records. Full patient consent was taken for all
diagnostic and therapeutic procedures that were described
in the current study. All measures were taken to guarantee
patient anonymity according to the ethical norms of our
institution.

RESULTS

The mean follow-up time for the series was 40 months
(range, 12 to 120 months). Staging with the AJCC sys-
tem concluded that 21 (48.8%) patients were stage 2b, 12
patients (27.9%) were stage 4a or 4b, 9 patients (20.9%)
were stage 2a, and 1 patient (2.3%) was stage 3. Staging was
also carried out with the Enneking’s staging system where
29 patients were stage 2b (67.4%), 12 stage 3, and 2 patients
were stage 2a. A total of 11 patients (25.5%) had distant me-
tastases, most commonly in the lungs. Evaluation of post-
operative tumor necrosis revealed that 28.5% of patients
had total tumor necrosis, 53.5% of patients had a tumor
necrosis of 50%-90% and a total of 5 patients had tumor
necrosis below 50%. Twelve patients died due to disease
complications. At the current follow-up, the overall surviv-
al rate for the series was 72%.

A total of 73 surgical interventions were conducted, 34
(46.5%) of them being secondary revision surgeries. The
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overall complication rate was 72%, as 31 patients had one
or more complications during the follow-up period, which
were split in two groups of mechanical and non-mechan-
ical complications. Mechanical complications were en-
countered in 16 patients (51%), the most common of them
being soft-tissue failure such as wound dehiscence and
muscle contracture in a total of 5 patients. The rest were
peripheral nerve injury in 1 patient, aseptic loosening in
4 patients and structural failure of the reconstruction in 6
patients. Nine of the 16 patients required surgical manage-
ment of their complications and the rest were successfully
treated by conservative means. Non-mechanical compli-
cations were noted in the other 15 patients (49%), 13 of
whom had local recurrence of the tumor. Eight of them
were patients with endoprosthetic reconstruction, 4 had
wide surgical resection/excision without reconstruction
and 1 patient had resection and biological reconstruction.
Deep infection was observed in 2 (8%) patients, both with
endoprosthetic reconstruction. All patients in this group
required revisional surgery.

Classification of the encountered complications with
a modified Clavien-Dindo system for complications in
orthopedic surgery revealed that 84% of patients were
classified as grade IIIb - requiring surgical treatment in
the operating theater with regional or general anesthesia.
The other 16% were classified as grade II - requiring phar-
macological intervention for at least 72 hours or active
observation (Table 1).

Complications in patients with endoprosthetic and al-
lograft reconstructions were classified with Henderson et
al’s classification of failure of limb salvage after reconstruc-
tive surgery. Of the 32 patients that received a tumor en-
doprosthesis, 25 had one or more complications (Table 2).

Over half of these patients (60%) had a mechanical
category problem, with soft-tissue failures being the most
common. Local recurrence (32%) was the prevalent com-
plications from the non-mechanical category. We also en-
countered 2 deep infections in this group, as both cases
were marked as a late complication. Both of our patients
with intercalary allograft reconstructions had complica-
tions that were classified with Henderson et al. classifica-
tion as mechanical type 3A structural failure - plate and
screws breakage leading to reconstruction instability. They
received surgical treatment, with one of them having, one
year later, a local recurrence treated with radical surgery.

Henderson et al’s classification was not implementable
for the 9 patients that were treated with wide surgical
excision/resection without reconstruction. Four of them
had local recurrence which was treated surgically. The oth-
er 5 patients had no complications.

The mean MSTS score for our study was 61.5%. Pa-
tients with endoprosthetic reconstruction had a mean
MSTS score of 55.3%. Those of them that received a MU-
TARS-type implant had a mean MSTS score of 58%, and
those with the Implant G individual endoprosthesis had an
MSTS score of 52%. The patient group that had no recon-
structive surgery had a mean MSTS score of 66%.

Limb Salvage Surgery for Musculoskeletal Malignancies

Table 1. Summary of the encountered complications classified
with a modified Clavien-Dindo system

Total number

Grade Type of complication (n) of patients

n (%)

Wound dehiscence (2)
Aseptic loosening (1)
1T P 8 5(16%)
Muscle contracture (1)
Peripheral nerve injury (1)

Wound dehiscence (2)

Structural failure of recon-
struction (6)

m b Aseptic loosening (3) 26 (84%)
Local recurrence (13)
Deep infection (2)

v - -

\V4 B B,

Table 2. Classification of complications encountered in patients
with endoprosthetic reconstruction

Total number
of patients
n (0/0)

Category  Type of complication (n)

Type 1 - soft-tissue failures:
A - functional: muscle con-
trac'ture (1), N 6 (24%)
peripheral nerve injury (1)
B - coverage: wound dehis-
cence (4)

Type 2 - aseptic loosening:

Mechanical
echanica A - early: <2 years after sur-

gery (1)
B - late: >2 years after surgery (3)

4 (16%)

Type 3 - structural failures
A - implant: implar?t wear (3), 5 (20%)
expanding mechanism mal-

function (2)

Type 4 - infections
A - early: <2 years after sur- 2 (8%)
gery (2)

Type 5 - tumor progression/

Non-

mechanical
recurrence

A - soft-tissue progression (7)
B - bony progression (1)

8 (32%)

Type 6 - pediatric complica-

Pediatric .
tions
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DISCUSSION

Our findings show that the overall complication rate in Bul-
garian patients who received LSS was 72%, with a re-oper-
ation rate of 46.5%, which is significantly higher than the
rate reported by other authors. Gharehdaghi et al. report a
complication rate of 45.5% with a 42% re-operation rate in
their study of 40 patients with a follow-up of 24 months.!”!
Similar results were reported by Kaneuchi et al., where the
overall complication rate was 46%, but the re-operation
rate was 31%.5 Zou et al. observed complications in 16 of
their 45 patients with LSS for bone sarcoma.l®! Pala et al.
report a 23.5% overall implant failure rate in their patients
with MUTARS endoprostheses.!”! Furthermore, 81% of the
patients with complications in our series were classified
as Clavien-Dindo grade IIIb requiring surgical manage-
ment. Compared to a similar study like that of Ankalkoti
et al,, in which of 41 patients, 9 (21.94%) were classified as
Clavien-Dindo grade III and 5 (12.19%) as grade IIIb, our
results are significantly higher.!”

Mechanical complications were present in 51% of our
patients. Soft tissue failure, most notably wound dehiscence,
was the most common complication type and was observed
in 4 patients. With an incidence between 30% to 43%, oc-
currence of wound complications depends on several risk
factors such as tumor size, radiotherapy dose, duration of
surgery, wound closure method, patient comorbidity, and
anatomical localization.!'"?! In our study, all patients that
had this type of complications had a tumor diameter of
at least 8 cm or more, with a localization in the proximal
and distal thigh. Aseptic loosening is another mechanical
complication that we encountered in 16% of our patients,
which is comparable to other studies with the same type
of endoprosthesis.””"!3 Usually, a late complication with a
reported incidence of 2% to 48%, aseptic loosening is as-
sociated with younger and more active patients, cemented
fixation, larger bone resection and shorter and smaller in
diameter endoprosthetic stems.[>”13141 We encountered
loosening of the prosthetic stem in the distal femur in 2 pa-
tients with a MUTARS-type endoprosthesis and 1 with an
Implant G individual knee endoprosthesis. The other case
of aseptic loosening was in the distal tibia again in a patient
with a MUTARS implant. Cementless fixation was used in
3 cases, as the case with loosened stem of the Implant G
endoprosthesis which required cemented fixation. Patient
age in our study did not seem to play a significant role as
all the patients with aseptic loosening had reached skeletal
maturity and did not take part in active sports. Resection
length also varied ranging from 14 cm to 21 cm and didn't
demonstrate influence in those cases. Prosthetic stem di-
ameter varied as the smallest one was 12 mm in one case,
and between 14 mm and 17 mm in the other 3 cases. Stem
length in all 3 cases with a MUTARS implant was 120 mm,
which is most likely the reason for aseptic loosening to oc-
cur, as there are several studies that suggest higher rates of
this complication when shorter prosthetic stems are used.
As for the case with the Implant G endoprosthesis, the di-

ameter of the stem was 14 mm and the length was 350 mm,
as the femoral component is monoblok.

Implant structural failures were observed in 20% of our
patients. Three of the cases were implant wear-related, as all
of them had a Bulgarian-made endoprosthesis. The com-
ponents that were damaged were the polyethylene inner
of a hip endoprosthesis and the polyethylene sleeves that
are part of the locking mechanism of a knee endoprosthe-
sis, leading to joint instability. We did not encounter any
wear-related issues in our MUTARS patients. However,
we did encounter a failure of the expanding mechanism
in two of our cases with an expanding endoprosthesis type
MUTARS Xpand. This specific complication occurred one
year after initial surgery in both cases and was treated with
surgical replacement of the faulty mechanism. In our opin-
ion, this complication developed because of poor patient
compliance and misuse of the external impulse transmit-
ter responsible for the non-invasive elongation of the en-
doprosthesis. Although the incidence of expanding mech-
anism failure is 6.1% in current literature, its occurrence
ultimately leads to worse functional result for the patients
mainly because of the additional surgeries and muscle con-
tractures that follow.!>1l We didn’t encounter any pros-
thetic or periprosthetic fractures in our study.

Structural failure, more precisely failure of fixation
(Henderson type 3A) was present in both of our cases with
allograft reconstruction. In a recent study by Wisanuyotin
etal, structural failure was the most common complication
in 8 of their 57 allograft reconstructions, with 1 case of fix-
ation failure.['”) In their rare case of a medullary osteogenic
sarcoma of the pelvis, Oztiirk et al. report a structural fail-
ure consisting of a constraint ring failure and cup malposi-
tion leading to the need of revision surgery.!®!

Non-mechanical complications were present in 49% of
patients in our series. Local recurrence was the most severe
complication in this group, as well as the most common
complication in the series (32% of all patients). The overall
rates of local recurrence after LSS are between 2% and 10%
in recent studies.[> There is an increased risk of local re-
currence in the presence of factors such as positive surgical
margins, an unsatisfactory local response to preoperative
chemotherapy, and, sometimes, the site of the biopsy. Ad-
ditionally, the experience of the surgical team performing
the biopsy and LSS, as well as the presence of undetected
or “missed” skip metastases should also be considered as a
risk factor. Of the patients that received an endoprosthet-
ic reconstruction, 8 had local recurrence, 7 of which were
soft tissue, and 1 had a bony recurrence. Patients with LSS
without reconstructions had a total of 5 recurrences, 4 of
them being soft-tissue and 1 was bony recurrence. Two of
the cases with local recurrence underwent radical surgical
treatment in the form of amputation and disarticulation.
All cases were managed by the same surgical team, as all
of them had an open biopsy. We could not find any link
between primary tumor localization and the incidence of
local recurrence. There were no skip metastases present in
any of the said cases as well. Post-chemotherapy tumor ne-
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crosis was between 5% and 15%, indicating a strong possi-
bility of local recurrence in 4 cases. In the other 11 cases,
tumor necrosis was between 70 and 100%.

Deep infection is the other severe non-mechanical com-
plication that we encountered in 2 patients (8%). In both
cases, the infection developed less than a year after initial
surgery, as one of the cases was diagnosed 6 months after
surgery and the other 8 months after surgery. Microbio-
logical testing of multiple joint aspirate revealed growth
of Acinetobacter baumanii in one patient and Staphylococ-
cus epidermidis in the other. One patient had a MUTARS
endoprosthesis and the other had an individual Implant
G endoprosthesis. Surgical treatment involved debride-
ment, lavage, and removal of the dacron sleeve that we use
for soft-tissue reattachment. Control of the infection was
established as both patients are currently receiving multi-
modal antibiotic treatment. Reported literature infection
rates range from 9% to 20%.1131% Patients with sarcomas
tend to have a higher infection rate compared to those with
secondary malignant bone and soft-tissue tumors. 1319
The early deep infections that we encountered were most
likely caused by an infected dacron sleeve, which we
implement in all patients with endoprosthetic reconstruc-
tion. We had success with the revision surgery without
component removal and replacement, as currently the
gold standard for management of these complications is a
two-stage revision.131%]

Study limitations

The study’s retrospective nature and the lack of data regard-
ing the condition of surgical margins are our primary lim-
iting factors.

CONCLUSIONS

Bulgarian patients treated with limb salvage for musculo-
skeletal malignancies have high complication rates, with
no clear prevalence between mechanical and non-me-
chanical complication patterns. Many of the encountered
complications are severe and require additional surgical
management.
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Pe3tome

BBe,quVIe: Onepaum{ II0 COXpaHEHUIO KOHEYHOCTeN B HacToslee BpeMA ABJIAETCA Hanbojiee 4acTo VCIIONIb3YEMbBIM METOAOM JI€Yd€e-
HUA B Bonrapl/m JUIA JINI CO 3/IOKAY€CTBEHHBIMU HOBOO()paSOBaHI/IHMI/I OIIOPHO-ABUTATEIPHOTO aIlIlapaTa. Knuunyaeckne JAaHHbIC 06
OC/IO)KHEHMAX 9TUX NIPOLEAYP B CTPaHE OTpaHNY€HDI, I B HACTOALLIEE BpEMA JOCTYITHO JNIIb HECKO/IbKO VICCTIeIOBAHUIA.

Lensb: Ienbio Hallero MCCIefOBaHNUA ABIAETCA aHAIN3 YaCTOTHI M XapaKTepa OCIOKHEHMIT Y 60/IrapcKMX MalVIeHTOB, MePeHECIINX
OIepalyIo 0 COXPAHEH!IO KOHEYHOCTEN TI0 TI0BOJY 37I0KAa4eCTBEHHBIX HOBOOOPA30BaHMIT OTIOPHO-ABUTATETBHOTO alllIapara.

Matepuanbl u MeToapbl: Haua cepust mpefcTaBisieT co60il peTpOCIeKTUBHBIT 0030p 43 MALeHTOB CO 3/10Ka4eCTBEHHBIMI HOBOO-
6pasoBaHMsIMI OLOPHO-ABIUTATEIBHOTO AMIIAPATa, IIEPEHECIINX OLePALINI [I0 COXPAHEHII0 KOHEYHOCTEI B OPTOEMYECKOIT KIMHIKE
YMBAIJI ,boitdo Boitues“ 8 Coun, Bonrapus, B Tedenue 10 net. st onpeneneHns cTaguy Mbl uctionbosanu cucremsl AJCC n
Enneking i1 3710KkadeCTBEHHBIX OIYXOJIell OLIOPHO-BUIaTeNIbHOrO amnmnapara. OyHKIMOHATBHOCTD OLIEHNBA/IACH C IIOMOLIBIO CHCTe-
Mbl MSTS. OueHka 0CIOXXHEHMIT TPOBOANIACE C UCIONIb30BaHMeM MOAM(UINPOBAHHOI KIacCubUKALIUN XUPYPIUIECKUX OCTIOXKHe-
unit Clavien-Dindo u knaccuduxaryn Henderson 1mo Hecmoco6HOCTI COXPaHUTb KOHEYHOCTD TI0C/IE PEKOHCTPYKTUBHON XMPYPIUIL.

Pesynbratbl: CpegHee BpeMst HaO/IOfeHNs B 9TOI cepun cocTaBuio 40 Mecsnes (anamas3on ot 12 go 120 Mecsues). Ilpu Texyiem
HabOmoieHny o6115ast BBDKMBAEMOCTD B 9TOiI cepyn cocTasyseT 72%. OOb1as 4acToTa OC/IOKHEHWIT B 9TOI cepun cocrasisier 72%, a
4acTOTa XMPYPIUIECKUX PeBU3HIL — 46.5%. VI3 BCTpeTUBLIMXCA OCTOXKHEeHUIT 84% 6bl/m oTHeceHbI K crernenu I1Ib o knaccnduxarnym
Clavien-Dindo.

3aKkntoueHue: Bonrapckue malnmeHThbl, IPOOIEPUPOBAHHBIE TI0 COXPAHEHMIO KOHEYHOCTEJT 110 IIOBOAY 3/10KayeCTBEHHBIX HOBOO-
OpasoBaHNUIT OIIOPHO-ABUTATEIBHOTO AIIIAPATa, UMEIOT BBICOKIIT YPOBEHDb OCIIOKHEHMIT, 6e3 YETKOro IMpeob/IafaHmsa MeXaHIeCKIX
WV HeMEeXaHMYeCKMX OCIOKHEHNIT. MHOTMe 13 BCTPeUaIOIXCsI OC/IOKHEHNIT SIB/LIIOTCS TSDKEIBIMU 1 TPeGYIOT HOIOTHUTEIbHOTO
XMPYPIUYIECKOTO JIeYeHNA.
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