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Abstract

Purpose Modular prosthesis, intramedullary nailing and plate fixation are surgical options for humeral metastasis, but the
optimal treatment for pathological or impending fractures remains controversial. This study evaluated complications, reop-
erations, and revisions in patients with humeral metastases treated with these surgical techniques.

Methods We retrospectively analyzed 115 patients with humeral metastases treated with modular prosthesis (n=33), intra-
medullary nailing (n=69) or plate fixation (n=13). We evaluated complications, reoperations without implant removal and
revisions requiring implant removal. Cumulative incidence of complications and death was estimated using competing risk
analysis.

Results In modular prosthesis group, 5/33 patients had complications (15.1%): three had subluxations or instability treated
conservatively, one had local disease progression treated with embolization and radiotherapy, and one had deep infection
who required revision. In intramedullary nailing group, 8/69 patients had complications (11.6%): seven had local disease
progression and one had mechanical implant failure. Two patients required reoperation due to local disease progression, and
none required revision. In plate fixation group, 4/13 patients had complications (30.7%): two had mechanical implant failure,
one had local disease progression, and one had deep infection. Reoperation was required in one patient due to infection,
while revision was required in two patients: one patient due to local disease progression and one patient due to mechanical
implant failure.

Conclusion Modular prosthesis, intramedullary nailing and plate fixation were associated with distinct complication profiles.
Modular prostheses were most commonly associated with instability, intramedullary nails with local disease progression,
and plate fixation with a relatively high proportion of complications and revisions. Given the heterogeneity of anatomical
location and treatment indications, these findings should be interpreted descriptively rather than as evidence of superiority
of one technique over another.

Keywords Bone metastasis - Humeral metastasis - Surgical treatment - Complications - Reoperations - Revisions -
Modular prosthesis - Intramedullary nailing - Plate fixation

Introduction

The metastasis of humerus is the second most common long
bone site of metastatic disease [1]. Surgical treatment such
as modular prosthesis, intramedullary nailing and plate fixa-
tion have been proposed among other techniques to provide
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pain relief, restore function and enhance the quality of life
[2-6].

A recent systematic review reported that there are het-
erogenous data on complications, reoperations and implant
revisions of patients with humeral metastases treated sur-
gically, which were almost exclusively derived from small
retrospective studies, many of which reported pooled
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outcomes of patients with humeral metastases, due to lim-
ited sample sizes, thereby limiting the validity of subgroup
comparisons [7]. Thus, we conducted a retrospective analy-
sis of prospectively collected data including patients with
humeral metastases treated with modular prosthesis, intra-
medullary nailing or plate fixation. The novelty of the pres-
ent study lies in the detailed treatment-specific reporting
of complications, reoperations and revisions in a relatively
large single-center cohort while avoiding direct compari-
sons between fundamentally different anatomical locations
and surgical indications.

Materials and methods

We performed a retrospective study of prospectively col-
lected data including patients with humeral metastases
treated with modular prosthesis, intramedullary nailing,
or plate fixation at a single institution from 2014 to 2024.
Ethical approval for this study was obtained from the Ethics
Committee (Approval No. NCT03416959). Informed con-
sent was obtained from all individual participants included
in the study.

Between 2014 and 2024, we treated surgically 125
patients with humeral metastases. We included patients with
humeral metastases who were treated with modular prosthe-
sis, intramedullary nailing, or plate fixation. We excluded
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patients with humeral metastases who underwent hemiar-
throplasty (n=4), total humerus replacement (n=4), ampu-
tation (n=1), and patients who had no follow up (n=1), the
excluded patient was a foreigner and continued treatment
in his country. We analyzed the remaining 115 patients: 33
patients (28.7%) were treated with modular prosthesis, 69
patients (60%) were treated with intramedullary nailing, and
13 patients (11.3%) were treated with plate fixation.

Preoperatively, all patients were evaluated using plain
radiographs and/or computed tomography or magnetic
resonance imaging. Indications for surgery included patho-
logical or impending fracture. An impending fracture was
defined as a humeral lesion with circumferential cortical
destruction exceeding 50%, or longitudinal cortical erosion
greater than 3 cm [4]. The choice of surgical treatment was
based on the size and location of the metastasis, according
to the Capanna criteria [8], considering the patient’s gen-
eral status as assessed by the Karnofsky Performance Status
scale and the estimated survival [9].

Out of 33 patients treated with modular prosthesis, 29
patients (88%) had proximal humeral metastases, three
patients (9%) had diaphyseal humeral metastases, and
one patient (3%) had distal humeral metastasis (Fig. 1).
Out of 69 patients treated with intramedullary nailing, six
patients (9%) had proximal humeral metastases, 62 patients
(90%) had diaphyseal humeral metastases, and one patient
(1%) had distal humeral metastasis. Out of 13 patients
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Fig. 1 a Design of modular prosthesis for treatment of proximal humerus metastasis. b Design of internal fixation with plate for treatment of
proximal humerus metastasis. ¢ Design of intramedullary nailing for treatment of proximal humerus metastasis
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treated with plate fixation, two patients (15%) had proxi-
mal humeral metastases, six patients (46%) had diaphy-
seal humeral metastases and five patients (39%) had distal
humeral metastasis. Postoperatively, the follow up consisted
of physical examination and imaging assessments (antero-
posterior and lateral radiographs of the humerus) every
three months for the first two years, followed by every six
months up to 5 years and annually thereafter.

Medical records were reviewed to collect demographic
and clinical data, including patient’s age and sex, primary
tumor, time from diagnosis, number of bone metastases,
presence of visceral metastases, lesion type (lytic, blastic,
mixed), use of local adjuvant therapy, and administration
of preoperative and postoperative radiotherapy. Surgical
data included the implant type, the use of bone cement, and
operative time. Laboratory parameters recorded were pre-
operative and postoperative hemoglobin, leukocyte count,
alkaline phosphatase, C-reactive protein, estimated sedi-
mentation rate. Postoperative complications were analyzed
including the type of complications, the time from surgery
to complication, and the need for reoperation or revision.
Complications included local disease progression, infec-
tion, instability/dislocation, and mechanical implant failure
(including screw pull-out, implant loosening, implant break-
age, or peri-implant fracture). Reoperation was defined as
any surgical treatment for complications with complete
implant retention. Revision was defined as any surgical
treatment for complications with implant removal.

Our primary study outcome was to record the incidence
of complications during the follow up in patients with
humeral metastasis treated with modular prosthesis, intra-
medullary nailing or plate fixation. Our secondary outcome
was to analyze the proportion of reoperations and revisions.

The statistical analysis was performed using R (R Foun-
dation for Statistical Computing; https://www.R-project.o
rg/). The continuous variables were reported as mean and
standard deviation (SD) or median and interquartile range
(IQR); and the categorical variables were reported as per-
centages and frequencies. Each patient was followed until
the date of last follow-up or date of death, which we define
as the end of follow-up time. Overall survival was estimated
using the Kaplan—-Meier method and reported with 95%
confidence intervals (CI). The cumulative incidence of the
first postoperative complication was estimated using a com-
peting risk model, considering death as a competing event.
Because death precludes the subsequent occurrence of post-
operative complications, it represents a competing event in
patients with metastatic disease. Traditional Kaplan—Meier
methods may overestimate complication incidence in the
presence of high mortality. Therefore, cumulative inci-
dence functions were used to provide a more accurate esti-
mate of complication risk. The cumulative incidence was

calculated only in the subgroup of patients with proximal
humerus metastasis treated with modular prosthesis and in
the subgroup of patients with diaphyseal humerus metas-
tasis treated with intramedullary nailing, due to the small
sample size in the other subgroups.

Mean follow-up was 1.94+2.10 years. Among patients
treated with modular prosthesis, there were 11 females
(33%) and 22 males (67%), with median follow up was
1.36 years [IQR 0.56, 2.65]. Among patients treated with
intramedullary nailing, there were 39 females (57%) and 30
males (43%), with median follow up was 0.96 years [IQR
0.5, 1.86]. Among patients treated with plate fixation, there
were seven females (54%) and six males (46%) with the
median follow up was 2.15 years [IQR: 0.65, 4.98].

Pathologic fractures were found in 88 of 115 patients
(77%); specifically, in 21 patients (63.6%) treated with mod-
ular prosthesis, in 55 patients (79.7%) treated with intramed-
ullary nailing, and in 12 patients (92.3%) treated with plate
fixation. Among patients treated with modular prosthesis,
the most common primary bone tumor was kidney carci-
noma (13 patients, 39.4%), followed by lung (7 patients,
21.2%), breast (3 patients, 9.1%), liver (3 patients, 9.1%),
melanoma (1 patient, 3%), prostate (1 patient, 3%) and
myeloma (1 patient, 3%), while four patients (12.1%) had
other or unknown primary tumor. Among patients treated
with intramedullary nailing, the most common primary bone
tumor was kidney carcinoma (18 patients, 26.1%), followed
by breast carcinoma (17 patients, 24.6%), myeloma (10
patients, 14.5%), lung (9 patients, 13%), liver (3 patients,
4.3%), thyroid (3 patients, 4.3%), prostate (3 patients, 4.3%)
and gastric (1 patient, 1.4%), while five patients (5.24%)
had other or unknown. Among patients treated with plate
fixation, three patients (23.1%) had breast carcinoma, three
patients (23.1%) had myeloma, three patients (23.1%) had
kidney carcinoma, two patients (15.3%) had lung carci-
noma, one patient (7.7%) had lymphoma, and one patient
(7.7%) had prostate carcinoma. Multiple metastases were
found in 17 patients (51.5%) treated with modular pros-
thesis, in 51 patients (73.9%) treated with intramedullary
nailing and in nine patients (69.2%) treated with plate fixa-
tion (Table 1). Organ metastases were found in 15 patients
(45.4%) treated with modular prosthesis, in 31 patients
(44.9%) treated with intramedullary nailing and in five
patient (38.4%) treated with plate fixation. The mean opera-
tive time was 107.41+36.25 min in patients treated with
modular prosthesis; 85.7+29.28 min in patients treated with
intramedullary nailing; and 117.58+30.48 min in patients
treated with plate fixation. Use of cement was needed in nine
patients (69%) treated with plate fixation, but in none of the
patients treated with intramedullary nailing (Table 2). Arte-
rial embolization was used in five patients (15.1%) treated
with modular prosthesis, three patients (4.3%) treated with
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Table 1 Demographic data

Characteristic Modular prosthesis (N=33) Intramedullary nailing (N=69) Plate Fixation (N=13)
Proximal Diaphy-  Distal Proximal Diaphy-  Distal Proximal Diaphy-  Distal
Humerus seal Humer- Humerus seal Humer- Humerus seal Humer-
N=29* Humerus usN=* N=6* Humerus usN=1?% N=2?% Humerus usN=5?%
N=3? N=62% N=6*
Sex
Female 11 (37.9) 0(0.0) 0(0.0) 5(83.3) 33(53.2) 1(100.0) 2(100.0) 3(50.0) 2(40.0)
Male 18(62.1) 3(100.0) 1(100.0) 1(16.7) 29(46.8) 0(0.0) 0(0.0) 3(50.0)  3(60.0)
Age
Median (Q1, Q3) 70.0 62.0 75.0 (75.0, 60.0 67.5 83.0(83.0, 55.0 72.0 68.0
(59.0, (42.0, 75.0) (59.0, (61.0, 83.0) (43.0, (70.0, (65.0,
74.0) 70.0) 81.0) 77.0) 67.0) 77.0) 71.0)
Indication for surgery
Complete fracture 17 (58.6) 3(100.0) 1(100.0) 5(83.3) 49(79.0) 1(100.0) 1(50.0)0 6(100.0) 5(100.0)
Impending fracture 12 (41.4) 0(0.0) 0(0.0) 1(16.7) 13 (21.0) 0(0.0) 1(50.0) 0(0.0) 0(0.0)
Primary Tumor
Breast 3(10.3)  0(0.0) 0(0.0) 2 (33.3) 14 (22.6) 1(100.0) 1(50.0)0 2(33.3) 0(0.0)
Melanoma 1(34) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Unknown 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(1.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Other 3(10.3) 1(33.3) 0(0.0) 2(333) 232 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Lung 6(20.7) 1(333) 0(0.0) 0(0.0) 9(145)  0(0.0) 0(0.0) 1(16.7) 1(20.0)
Prostate 1(3.4) 0(0.0) 0(0.0) 0(0.0) 3(4.8) 0(0.0) 0(0.0) 0(0.0) 1 (20.0)
Kidney 13 (44.8) 0(0.0) 0(0.0) 1(16.7) 17 (27.4) 0(0.0) 0(0.0) 2 (33.3) 1 (20.0)
Myeloma 0(0.0) 0(0.0) 1(100.0) 1(16.7) 9(145)  0(0.0) 1(50.00 0(0.0) 2 (40.0)
Lymphoma 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7)  0(0.0)
Liver 2(6.9) 1(333) 0(0.0) 0(0.0) 3(4.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Gastric 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(1.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Thyroid 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(4.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Number of skeletal metastases
Solitary 11(42.3) 2(66.7)  0(0.0) 1 (20.0) 12 (20.3) 0 (NA) 0(0.0) 3(50.0) 1(20.0)
Multiple 15(57.7) 1(33.3) 1(100.0) 4(80.0) 47(79.7) O0(NA) 2(100.0) 3(50.0) 4(80.0)
Unknown 3 0 0 1 3 1 0 0 0
Organ Metastases
Yes 13 (50.0) 2(66.7)  0(0.0) 2(40.0) 29(51.8) 0(NA) 0(0.0) 2(33.3)  3(60.0)
No 13(50.0) 1(33.3) 1(100.0) 3(60.0) 27(48.2) O0(NA) 2(100.0) 4(66.7)  2(40.0)
Unknown 3 0 0 1 6 1 0 0 0
Type of lesion
Lytic 24 (82.8) 2 (66.7) 1(100.0) 6(100.0) 55(91.7) 0(0.0) 2(100.0) 5(83.3) 5(100.0)
Mixed 5(17.2) 1(33.3) 0(0.0) 0(0.0) 5(8.3) 1(100.0) 0(0.0) 1(16.7)  0(0.0)
Unknown 0 0 0 0 2 0 0 0 0
Local Adjuvant Therapy
No 25(86.2) 3(100.0) 0(0.0) 5(83.3) 48(77.4) 1(100.0) 1(50.00 5(83.3) 5(100.0)
Yes 4(13.8)  0(0.0) 1(100.0) 1(16.7) 14 (22.6) 0(0.0) 1 (50.0) 1(16.7)  0(0.0)
Arterial Embolization 4(13.8)  0(0.0) 1(100.0) 0(0.0) 3(4.8) 0(0.0) 0(0.0) 1(16.7)  0(0.0)
Electrochemotherapy 0(0.0) 0(0.0) 0(0.0) 1(16.7) 11 (17.7)  0(0.0) 1(50.0) 0(0.0) 0(0.0)

Preooperative Radiotherapy ~ 9(31.0)  0(0.0) 0 (0.0) 1(167) 4(6.6)  0(0.0) 1(50.0) 1(167)  1(20.0)
Postoperative Radiotherapy ~ 2(6.9)  0(0.0)  0(0.0)  0(0.0)  19(3L.1) 0(0.0) 1(50.0) 1(16.7)  1(20.0)

Karnofsky

40 1(3.8) 0(0.0) 0(0.0) 1(16.7)  3(5.2) 1(100.0) 0(0.0) 0(0.0) 1 (20.0)
50 6(23.1) 1(33.3) 1(100.0) 2(33.3) 17(29.3) 0(0.0) 0(0.0) 2 (40.0) 1(20.0)
60 9 (34.6) 1(333) 0(0.0) 3(50.0)0 21(36.2) 0(0.0) 0(0.0) 2(40.0)  2(40.0)
70 5(19.2) 1(333) 0(0.0) 0(0.0) 13(22.4) 0(0.0) 0(0.0) 1(20.0) 1(20.0)
80 4(15.4) 0(0.0) 0(0.0) 0(0.0) 234 0(0.0) 2(100.0) 0(0.0) 0(0.0)
90 1(3.8) 0(0.0) 0(0.0) 0(0.0) 2(3.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Unknown 3 0 0 0 4 0 0 1 0

Life status
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Table 1 (continued)

Characteristic Modular prosthesis (N=33) Intramedullary nailing (N=69) Plate Fixation (N=13)
Proximal Diaphy-  Distal Proximal Diaphy-  Distal Proximal Diaphy-  Distal
Humerus  seal Humer- Humerus  seal Humer- Humerus  seal Humer-
N=29* Humerus usN=* N=6* Humerus usN=1*  N=2% Humerus usN=5?
N=3% N=62% N=6"
Dead 24(82.8) 3(100.0) 1(100.0) 3(50.0) 49(79.0) 1(100.0) 2(100.0) 2(33.3) 2(40.0)
Alive 5(17.2)  0(0.0) 0(0.0) 3(50.0) 13(21.0) 0(0.0) 0(0.0) 4(66.7)  3(60.0)
Haemoglobin preoperative
Median (Q1, Q3) 12.6 (11.9, 11.4(10.0, 11.9 (11.9, 11.4(10.0, 11.7(10.2, 10.7 (10.7, 12.4(11.9, 11.8 (10.5, 12.7
13.7) 14.4) 11.9) 12.3) 12.8) 10.7) 12.8) 13.2) (10.5,
13.3)
Haemoglobin postoperative
Median (Q1, Q3) 11.8(9.6, 99(8.5, NA(NA, 10389, 103(9.6, 102(10.2, 10.0(9.4, 10.0(9.1, 10.5
12.3) 11.2) NA) 11.5) 11.1) 10.2) 10.6) 10.5) 9.9,
11.0)
Leucocyte count preoperative
Median (Q1, Q3) 73(5.7, 54(53, 40@4.0, 7.8(5.5 6754, 62(6.2, 55(4.6, 68(56, 85(58,
9.7) 6.8) 4.0) 10.2) 8.8) 6.2) 6.5) 9.2) 10.2)
Alkaline Phosphatase
Median (Q1, Q3) 83.5 110.0 102.0 118.0 100.0 60.0 (60.0, 103.0 92.5 214.5
(63.0, (59.0, (102.0, 91.0, (86.0, 60.0) (84.0, (55.5, (123.0,
110.0) 233.0) 102.0) 185.0) 131.0) 122.0) 148.5) 306.0)
C-Reactive Protein
Median (Q1, Q3) 1.2(0.5, 0.1(0.1, 0.1(0.1, 3.6(0.8, 15(0.6, 2.8(2.8, 0402, 0.7(0.2, 9.6(0.3,
3.1) 0.5) 0.1) 8.2) 3.9) 2.8) 0.5) 0.7) 12.8)
Estimated sedimentation rate
Median (Q1, Q3) 43.0 7.0(7.0, 2.0(2.0, 530 57.0 48.0 (48.0, NA(NA, 325 59.5
(26.0, 11.0) 2.0) (53.0, (33.5, 48.0) NA) (32.0, (30.0,
63.0) 53.0) 98.0) 33.0) 89.0)
“n (%); (Q1, Q3)—Interquartile range
Table 2 Surgical data
Modular Prosthesis (N=33) Intramedullary nailing (N=69) Plate Fixation (N=13)
Proximal Diaphyseal Distal Proximal Diaphyseal Distal Proximal Diaphyseal Distal
Humerus Humerus Humerus Humerus Humerus Humerus Humerus Humerus Humerus
N=29* N=3% N=1? N=6" N=62% N=1? N=2?% N=6" N=5%
Use of cement - - - 0(0.0) 0(0.0) 0(0.0) 2 (100.0) 6 (100.0) 1(25.0)
Operative time (minutes)
Median (Q1, Q3) 91.5(62.5, 88.0(78.0, 59.0(59.0, 94.0(74.8, 91.0(72.5, 108.0 121.0 (98.5, 91.5(81.8, 115.5
130.5) 122.5) 59.0) 98.3) 110.8) (108.0, 143.5) 101.8) (104.25,
108.0) 119.75)
Complications 6(20.7) 0(0.0) 0(0.0) 0(0.0) 9 (14.5) 0(0.0) 0(0.0) 3 (50.0) 1 (20.0)
Complication Type
Local disease 1(16.7) 0 (NA) 0 (NA) 0 (NA) 7(77.8) 0 (NA) 0 (NA) 1(33.3) 0(0.0)
progression
Deep infection 1(16.7) 0 (NA) 0 (NA) 0 (NA) 0(0.0) 0 (NA) 0 (NA) 0(0.0) 1 (100.0)
Dislocation 3(50.0) 0 (NA) 0 (NA) 0 (NA) 0(0.0) 0 (NA) 0 (NA) 0(0.0) 0(0.0)
Implant failure 0(0.0) 0 (NA) 0 (NA) 0 (NA) 1(11.1) 0 (NA) 0 (NA) 2 (66.7) 0(0.0)
Other 1(16.7) 0 (NA) 0 (NA) 0 (NA) 1(11.1) 0 (NA) 0 (NA) 0(0.0) 0(0.0)
Life status
Dead 24 (82.8) 3 (100.0) 1 (100.0) 3(50.0) 49 (79.0) 1 (100.0) 2 (100.0) 2(33.3) 2 (40.0)
Alive 5(17.2) 0 (0.0) 0(0.0) 3(50.0) 13 (21.0) 0(0.0) 0(0.0) 4 (66.7) 3 (60.0)

n (%)
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intramedullary nailing and one patient (7.6%) treated with
plate fixation. Electrochemotherapy was used in 12 patients
(17.3%) treated with intramedullary nailing and one patient
(7.6%) treated with plate fixation.

Results

Complications, reoperations, and revisions were analyzed
separately. Reoperation was defined as surgical treatment
for a complication with implant retention, whereas revision
required implant removal.

Overall, 17 of 115 patients (14.7%) experienced com-
plications. Among the 33 patients treated with modular
prosthesis, five patients had complications (Fig. 2). Three
of 33 patients had instability or subluxation at 2.2, 8.6,
85.5 months respectively, which were treated conserva-
tively. One of 33 patients had a local disease progression
at 8.1 months postoperatively, which was treated conser-
vatively with embolization and radiotherapy. One of 33
patients developed an infection 1.2 months postoperatively,
which was managed with a one-stage revision, including
replacement of the polyethylene component and coverage of
the prosthesis’s body with vancomycin-loaded cement. This
patient subsequently experienced a subluxation 1.1 months
later, managed conservatively.

Among 29 patients with proximal humerus metastasis
treated with modular prosthesis, at six months, the cumula-
tive incidence of the first complication was 10.3 [95% CI
(2.54, 24.6)], whereas the cumulative incidence of death
was 20.7 [95% CI (8.20, 37.1)]. At first year and thereafter,
the cumulative incidence of a first complication was 17.2%
[95% CI (6.11-33.1)], whereas the cumulative incidence of
death was increasing from 27.6 [95% CI (12.8, 44.7)] up to
57.7% [95% CI (36.2-74.2)] at five years (Fig. 3).

Among the 69 patients treated with intramedullary nail-
ing, eight patients experienced complications (Fig. 2). Local
disease progression occurred in seven patients between 2
and 9.3 months postoperatively. One patient underwent
reoperation with curettage and plate fixation, one patient
was treated with electrochemotherapy, three patients
received radiotherapy, one patient was managed with medi-
cal therapy, and one patient was managed with a combina-
tion of radiotherapy and embolization. Mechanical implant
failure occurred in one of 69 patients at 2.5 months postop-
eratively, due to pull-out of the distal screw; this patient was
treated with screw replacement.

Among 62 patients with diaphyseal humeral metastasis
treated with intramedullary nailing, at six months, the cumu-
lative incidence of the first complication was 8.20 [95% CI
(2.99, 16.8)], whereas the cumulative incidence of death
was 23.0 [95% CI (13.3, 34.2)]. At first year and thereafter,
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Fig. 2 This figure shows the follow-up of the patients with the events of complication, death, last follow up and reoperation
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Fig. 3 Cumulative incidence of first complication and death in patients
with proximal humerus metastases treated with modular prosthesis.
The solid line represents the cumulative incidence of complications,
and the dashed line represents the cumulative incidence of death, with

the cumulative incidence of a first complication was 14.8%
(95% CI 7.19-24.9)], whereas the cumulative incidence of
death was increasing from 44.3 [95% CI (31.4, 56.3)] up to
70.8% [95% CI (54.5-82.1)] at five years (Fig. 4).

Among the 13 patients treated with plate fixation, four
experienced complications (Fig. 2). One patient devel-
oped local disease progression, resulting in plate fracture at
20.6 months postoperatively; this patient was managed with
revision plate fixation. Two patients experienced mechani-
cal implant failure. In one patient, loosening of the proximal
part of the plate occurred at 69.6 months postoperatively
and was managed conservatively with bracing. In the other
patient, plate breakage occurred at 23.1 months postopera-
tively and was treated with double-plate fixation and cement
augmentation. A subsequent plate breakage occurred
39.8 months later and was managed with conversion to a
total elbow modular prosthesis. One patient developed an
infection at 0.56 months postoperatively, which was man-
aged with surgical debridement and antibiotic therapy.

Death

6 3 1

21 23 24

shaded areas indicating 95% confidence intervals. Death was treated
as a competing event in the analysis. Numbers at risk and cumulative
events are presented below the x-axis

Overall, six of 115 patients (5.2%) required reoperation,
while three of 115 patients (2.6%) required revision with
implant removal (Table 3). Revision surgery with implant
removal was required in one of 33 patients treated with a
modular prosthesis due to infection. Among 69 patients
treated with intramedullary nailing, reoperation was required
in two patients: one due to local disease progression and one
due to mechanical implant failure. No patients treated with
intramedullary nail fixation required revision surgery with
implant removal. Reoperation was required in three of 13
patients treated with plate fixation due to local disease pro-
gression, mechanical implant failure and infection, respec-
tively. Revision surgery with implant removal was required
in two of these three patients due to local disease progres-
sion and mechanical implant failure, respectively.

Survival of patients was 77.1% [95% CI (69.8, 85.2)] at
six months, 56.7% [95% CI (48.3, 66.6%)] at one year and
24% [95% CI (16.7, 34.5)] at five years (Fig. 5). By the end
of follow-up, 28 of 115 patients (24.3%) were alive.

@ Springer



% Downloaded from https://iranpaper.ir

258 Page 8 of 12 European Journal of Orthopaedic Surgery & Traumatology (2026) 36:258
Diaphysis - Intramedullary nail
8?.5‘"%
75.0%
S 62.5%
=
L]
o :
‘é’ 50.0% f
W
e g
® 37.5% '
2 g
E ;
O 25.0%
‘-2 5'-,‘11
0.0%
0 2 4 6 8
Time since surgery (years)
= Complication = Death
At Risk 62 15 9 3 0
Events 0 45 47 49 50

Fig.4 Cumulative incidence of first complication and death in patients
with diaphyseal humerus metastases treated with intramedullary nail-
ing. The solid line represents the cumulative incidence of complica-
tions, and the dashed line represents the cumulative incidence of

Discussion

Surgical management of humeral metastases includes mod-
ular prosthesis, intramedullary nailing, or plate fixation,
selected according to anatomical location, extent of bone
destruction, and patient survival [1]. Given the heterogene-
ity in anatomical site and surgical indications the validity
of comparative analyses is limited [7, 10]. Therefore, we
performed a descriptive analysis of postoperative complica-
tions, reoperations, and revisions in patients with humeral
metastases treated with modular prosthesis, intramedullary
nailing or plate fixation. Complications varied according to
different surgical techniques. Although complications were
observed in all treatment groups, patients treated with plate
fixation demonstrated high proportions of reoperations and
revisions. Modular prosthesis for proximal humeral metas-
tases was associated with high cumulative risk of complica-
tions at first year, predominantly due to instability, but low
proportion of revision or reoperation. Intramedullary nailing
was associated with a high cumulative risk of complications

@ Springer

death, with shaded areas indicating 95% confidence intervals. Death
was treated as a competing event in the analysis. Numbers at risk and
cumulative events are presented below the x-axis

at first year, with high proportion of local disease progres-
sion, without need of revisions.

This study has several limitations. First, its retrospec-
tive design is inherently subject to selection bias. Second,
the small number of patients within each anatomical loca-
tion and surgical treatment limited the ability to perform
comparative or multivariable analyses; consequently, asso-
ciations between demographic, oncological, and surgical
variables and complications could not be reliably assessed.
The treatment groups represented fundamentally different
anatomical locations and indications; therefore, observed
complication patterns cannot be attributed solely to implant
choice and should not be interpreted as comparative treat-
ment outcomes. Third, detailed oncological variables that
may influence local disease control, including surgical
margin status, timing of radiotherapy relative to surgery,
systemic treatments, and tumor-specific biological charac-
teristics, were not consistently documented and therefore
could not be analyzed. Furthermore, intramedullary nail-
ing in metastatic bone disease is generally performed as a
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Table 3 Complications, reoperations and revisions
Sex Age Primary Location Surgical Technique Complication Time of  Treatment
tumor Compli-
cations
(months)
F 58 Kidney  Proximal = Modular Prosthesis Dislocation 2.2 Brace
F 59 Kidney  Proximal = Modular Prosthesis Dislocation 8.6 Brace
F 60  Colon Proximal =~ Modular Prosthesis  Dislocation 85.5 Brace
M 64 Kidney Proximal Modular Prosthesis Local disease progression 8.1 Brace, embolization and radiotherapy
F 76  Breast Proximal =~ Modular Prosthesis  Infection 1.2 Revision with replacement of the poly-
ethylene component and coverage with
vancomycin-loaded cement. Dislocation
1.1 months later treated with brace
M 59 Kidney  Proximal  Modular Prosthesis Cephalic vein thrombosis 2 Anticoagulation therapy
F 68 Kidney  Diaphysis Intramedullary Local disease progression 7.3 Reoperation with lesion excision and plate
nailing fixation
F 60  Breast Diaphysis  Intramedullary Local disease progression 8 Electrochemotherapy
nailing
F 64 Lung Diaphysis  Intramedullary Local disease progression 4.3 Radiotherapy
nailing
M 80 Prostate  Diaphysis Intramedullary Local disease progression 8.5 Radiotherapy
nailing
M 61 Liver Diaphysis  Intramedullary Local disease progression 4.8 Radiotherapy and embolization
nailing
F 58 Kidney  Diaphysis Intramedullary Local disease progression 2 Conservatively
nailing (in thoracic wall)
F 74  Liver Diaphysis  Intramedullary Local disease progression 9.3 Local Radiotherapy
nailing (in thoracic wall)
F 68  Thyroid Diaphysis Intramedullary Mechanical Implant 2.5 Reoperation with replacement of the distal
nailing failure (pull-out of distal screw
screw)
F 92 Gastric Diaphysis  Intramedullary Seroma 0.2 Resolved spontaneously
nailing
F 77  Kidney  Diaphysis Plate fixation Local disease progression 20.6 Revision plate fixation and a homoplastic
(resulting in plate fracture) cortical splint
M 69 Lung Diaphysis  Plate fixation Mechanical implant fail-  69.6 Brace
ure (loosening of proximal
part of the plate)
M 70 Kidney  Diaphysis Plate fixation Mechanical implant fail- ~ 23.1 Revision with double-plate fixation
ure (plate breakage) and cement augmentation. Re-breakage
39.8 months later managed with total
elbow prosthesis
M 71 Myeloma Distal Plate fixation Infection 0.56 Surgical debridement and antibiotic therapy

F Female, M Male

palliative intralesional procedure, and surgical margins are
not routinely assessed in the same manner as for primary
bone sarcomas. Consequently, factors potentially associ-
ated with local disease progression could not be evaluated.
Fourth, the heterogeneity of primary tumors may limit the
generalizability of the findings. In addition, while the com-
plications after surgical treatment of humeral metastases
have been reported previously, the present study does not
aim to introduce a novel treatment strategy; rather, its contri-
bution lies in the anatomical and treatment-specific descrip-
tive reporting of complications, reoperations, and revisions,
avoiding aggregation or forced comparisons that could bias
the interpretation of results in small and heterogeneous

cohorts. Importantly, as highlighted by our recent system-
atic review, the current literature remains dominated by
small retrospective cohorts with pooled reporting of dif-
ferent anatomical locations and reconstruction methods,
limiting treatment-specific interpretation of complications
and revision risk. Additionally, the low number of events
prevented meaningful multivariable analyses and therefore
potential confounding factors could not be adjusted for.
Finally, functional outcomes and patient-reported measures
were not assessed, precluding correlation between compli-
cations, postoperative function and quality of life.
Published studies on proximal humeral metastases treated
with modular prostheses have reported complication rates

@ Springer
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Fig. 5 Kaplan—Meier overall survival curve for patients with humeral
metastases following surgical treatment. The solid line represents esti-
mated survival probability over time, and the shaded area indicates the

ranging from 0 to 40%, with instability and infection rep-
resenting the most frequent events [4, 11-14]. Reoperation
and revision rates have ranged from 0 to 20%, most com-
monly due to instability and infection [4, 15—18]. Consistent
with these reports, instability or subluxation represented the
most common complication in our cohort, whereas revision
surgery was uncommon.

A systematic review and meta-analysis including 114
patients with diaphyseal humeral metastases treated with
plate fixation and 223 patients treated with intramedullary
nailing reported no differences in implant failure, local
recurrence, or wound complications between these two dif-
ferent surgical techniques (p=0.989); however, plate fixa-
tion was associated with a higher incidence of postoperative
radial nerve palsy (p=0.008) [19]. In a retrospective series
of 91 patients treated with intramedullary nailing, reopera-
tion was required due to nonunion (3.2%), aseptic loosening
(2.1%) peri-implant fracture (1%) [10]. Retrospective series
evaluating intramedullary nailing with cement augmenta-
tion have reported overall complication rates ranging from 0
to 39%, most commonly related to local disease progression
[5, 6]. Similarly, local disease progression represented the
most frequent complication in our cohort, whereas revision
surgery was not required. These findings are consistent with
previous reports describing local disease progression as the
most frequent complication after intramedullary nailing,
whereas revision surgery remains uncommon.

@ Springer

95% confidence interval. Survival estimates with corresponding 95%
confidence intervals are presented at selected time points below the
x-axis. The number of patients at risk is shown beneath the plot

Published studies of plate fixation for humeral metasta-
ses have reported highly variable complication rates rang-
ing from 14 to 75%, including infection, implant failure,
neurological injury, peri-implant fracture, and local disease
progression [3, 4, 17]. In metastatic distal humerus, plate
fixation remains the most frequently reported reconstruc-
tive strategy but has been associated with relatively high
complication and reoperation rates [17, 20]. Similarly, we
observed a high proportion of complications and revisions in
this small subgroup of patients; however, given the limited
sample size, these findings should be interpreted cautiously.

Surgical management of humeral metastases seems to be
associated with distinct complication, reoperation, and revi-
sion profiles that vary according to surgical strategy. Modu-
lar prosthesis, intramedullary nailing and plate fixation were
associated with distinct complication profiles. Modular
prostheses were most commonly associated with instabil-
ity, intramedullary nails with local disease progression, and
plate fixation with a relatively high proportion of complica-
tions and revisions. Given the heterogeneity of anatomical
location and treatment indications, these findings should be
interpreted descriptively rather than as evidence of superior-
ity of one technique over another.
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