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1   |   INTRODUCTION

Deep infection at the site of an acute closed fracture is 
very rare in an adult. In fact, we were able to identify just 
15 adult cases of osteomyelitis occurring acutely at the 
site of any closed appendicular bone fracture since the 
late 1950s (Table 1).1–11 Of the 15 cases, only five were at 
the site of proximal humerus, similar to our patient.3,5–8 
Immunosuppression appears to be a major risk factor in 
these cases.12,13

We present the case of a 64-year-old female with chronic 
alcoholism who had osteomyelitis at the site of a closed 
minimally displaced surgical neck humerus fracture that 
resulted from a ground-level fall (Figure 1). The infection 
was eradicated with two open surgical debridements and 
6 weeks of intravenous (IV) antibiotics for the methicillin-
sensitive Staphylococcus aureus (MSSA) that grew in tissue 
cultures. At the second debridement, absorbable calcium 
sulfate beads loaded with tobramycin and vancomycin 
were implanted within and around the fracture site, but 
the fracture did not heal. A reverse total arthroplasty was 
ultimately done to restore shoulder function.

2   |   CASE PRESENTATION

A 64-year-old female with chronic alcoholism was admitted 
to a local hospital on September 6, 2020, after falling while 
intoxicated earlier that same day. Radiographs revealed 
a minimally displaced and mildly comminuted surgical 
neck fracture of the right humerus (Figure 1). Although 
examination of the radiographs revealed reduced 
bone density consistent with chronic alcoholism,14 the 
admitting physicians and a radiologist concluded that the 
relatively obvious lytic changes that are typically seen in 
chronic osteomyelitis were not present.15,16 After a 3-day 
hospitalization that focused on correcting hyponatremia, 
she was discharged with the anticipation of nonoperative 
treatment.

At the initial hospitalization, white blood cell count 
was normal and there was no evidence of a urinary 
tract infection or other known or suspected location of 
a chronic infection. Inflammatory markers were not ob-
tained. She was also afebrile and denied any prior fevers/
chills/sweats or right shoulder or upper arm swelling, 
pain, or dysfunction.
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She returned to the same hospital 7 days later with mal-
aise, tactile fevers, chills, and increasing pain around the 
fracture site. Her vital signs included blood pressure of 
104/71, oral temperature 36.1°C, pulse 78 beats/minute, 
respiratory rate 16/minute, and oxygen saturation at 97% 
(finger oximeter). Leukocytosis (28,000/mm3) and high C-
reactive protein at 36.1 (normal is <1 mg/dL) raised con-
cern for emerging sepsis, prompting transfer to our tertiary 
medical center. Erythrocyte sedimentation rate (ESR) was 
normal at 18 (normal range 0–30 mm/hr). Blood cultures 
were obtained and a fluoroscopic aspiration of her right 
shoulder joint revealed mildly turbid non-serosanguinous 
fluid. IV antibiotic (Zosyn®, piperacillin and tazobactam) 
treatment was started.

On the third hospital day at our tertiary hospital, MSSA 
grew from the blood and shoulder fluid samples, and an 
orthopedic consultation was requested. Arthroscopic de-
bridement was then promptly done by JGS and revealed 
minimal evidence of infection (three milliliters of mildly 
turbid non-serosanguinous fluid and mild glenohumeral 
synovitis). Additional cultures were not obtained from 
that debridement. A drain was placed in the glenohumeral 
joint and IV antibiotic (Zosyn®, piperacillin and tazobac-
tam) treatment continued.

Thirty-six hours later, grossly purulent fluid in the drain 
prompted magnetic resonance (MR) scanning with and 
without intravenous contrast, which revealed a large collec-
tion of fluid around and within the fracture site, consistent 
with osteomyelitis with abscess (Figures 2 and 3). An MRI 
scan was not obtained earlier, which in retrospect was unfor-
tunate because this delayed definitive control of the source 
of the infection (discussed further below as a shortcoming 
in the work-up of our patient's case). Open and arthroscopic 
surgical debridement was then done and revealed 30 mL of 
pus around and within the fracture site. A small tear in the 
glenohumeral capsule explained how purulent fluid entered 
the glenohumeral joint. Using a deltopectoral approach, the 
anterior aspect of the fracture was elevated to allow for de-
bridement of the pus in the medullary region and for the 
insertion of a hand-made dowel-like structure (approxi-
mately 7 cm x 0.9 cm) consisting of polymethyl methacrylate 
(PMMA) cement. This was loaded with tobramycin powder 
(1.2 g) and vancomycin powder (1.0 g). Antibiotic-containing 
PMMA beads (~8 mm diameter) were also placed around 
the fracture.

The PMMA beads were removed several days later 
and were replaced with 30 mL of ~3 mm diameter ab-
sorbable calcium sulfate beads containing vancomycin 
and tobramycin (Stimulan®, Biocomposites Ltd., Keele, 
United Kingdom). To maintain placement of the beads 
at the fracture site, the medullary canal was occluded 
with Gelfoam® (sterile absorbable gelatin sponge; Pfizer 
Inc., USA). About 75% of the calcium sulfate beads were R
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then manually packed into the humerus fracture site. 
The remaining beads were packed around the fracture 
site (Figure  4). Although stabilization of the fracture 
with open reduction and internal fixation (ORIF) can 
help eradicate a bone infection,17 we used an alternative 
method because concerns for bacterial colonization on 
the hardware and fixation failure due to the poor-quality 
bone. The alternative method utilized holes drilled in the 

anterior, anteromedial, and anterolateral humeral neck 
and shaft, and figure-of-eight (tension band) suturing 
using No. 2 antibiotic-containing resorbable monofila-
ment polydioxanone suture,18 which reduces the chance 
of bacterial colonization.19,20

Treatment of the MSSA grown in tissue cultures in-
cluded IV cefazolin that was given for 6 weeks after the 
final debridement surgery. The fracture did not heal, the 

F I G U R E  2   Sequential T2 (fluid 
enhancing) MR images in coronal view 
(A is most proximal, D is most distal). 
Asterisks (*) indicate the coracoid process, 
longer arrows indicate a Jackson–Pratt 
drain within the glenohumeral joint 
(A, B), and shorter arrows indicate the 
abscess. The abscess clearly extends into 
the medullary region of the bone at the 
fracture site (e.g., vertical arrows in B and 
C). The scan was obtained 13 days after 
the fracture.

F I G U R E  1   Radiographs showing our patient's minimally displaced and mildly comminuted two-part surgical neck humerus fracture 
in anterior–posterior (A, B) and lateral (C) views. Asterisks (*) indicate the coracoid process and arrows indicate the fracture. Mild lucency 
along the fracture site seems consistent with fracture of poor-quality bone, but some readers might consider this as subtle lysis to be 
consistent with a subacute infection.



      |  5 of 8SKEDROS et al.

nonunion became painful, and radiographs obtained 
4 months later showed a pseudoarthrosis (Figure  5). On 
February 2, 2021, open surgery was performed to obtain 
multiple tissue specimens from the nonunion site for 
cultures in order to rule-out infection in anticipation for 
reconstructive surgery.21 There was no growth of these 
multiple cultures at 14 days of incubation.

The patient then decided to seek future care at a local 
university medical center, which was prompted by her 
daughter who was employed at that institution. The sur-
geon at that facility performed a reverse total shoulder 
arthroplasty (RTSA) on May 19, 2021. At final follow-up 
at 24 months after the RTSA (28 months after the final de-
bridement surgery) there was no evidence of infection and 
the patient was very satisfied with her shoulder function 
and with her final outcome.

3   |   DISCUSSION

While osteomyelitis can occur in approximately 12%–20% 
of open fractures in adults,22,23 the occurrence of osteo-
myelitis at the site of a closed fracture is very rare. Our 
literature review of PubMed and Google Scholar revealed 
only seven cases of adults who had closed humerus frac-
tures that were complicated with what was reported as 
“acute osteomyelitis”3,5–8 (Table 1). Of these seven cases, 
two were of the humeral diaphysis3,8 and the other five 
occurred in the region of the humeral surgical neck. One 
case isolated penicillin-resistant Staphylococcus aureus 
from the infected fracture site and was similar to our 
case (described further below).7 Another case isolated 
methicillin-resistant Staphylococcus aureus (MRSA) with 
concurrent Salmonella enteriditis,5 and the remaining 

F I G U R E  3   T2 MR images in axial view (A is most posterior, B is just anterior to A, and C is most anterior). Asterisks (*) indicate the 
coracoid process and the long arrows indicate the Jackson–Pratt drain and the short arrows indicate the abscess. The scan was obtained 
13 days after the fracture.

F I G U R E  4   Anterior–posterior (A) 
and lateral (B) radiographs obtained 
at 2 weeks after the final debridement 
surgery (skin staples can be seen). The 
intramedullary calcium sulfate beads 
are indicated by the arrows. Note some 
of the beads subsided into the proximal 
diaphyseal medullary canal.
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four cases reported other causative organisms, including 
MSSA,3 Group B Streptococcus (Case 2 from7), Bacteroides 
sp. (Case 5 from7), and Escherichia coli.6 S. aureus is the 
most common cause of osteomyelitis in adults.1,2,24,25

In our case and in some of these prior cases, it is possi-
ble that the osteomyelitis was subacute or chronic, result-
ing in weakening of the bone. In this theoretical context, 
these fractures would be considered pathological.26,27 In 
other words, if an intraosseous abscess was already pres-
ent, then the acute fracture enabled its extraosseous dis-
semination. This seems unlikely in our patient because 
of the lack of (1) prior right upper arm or shoulder pain 
or swelling, (2) local or constitutional symptoms such as 
warmth, achiness, fevers, chills or sweats, (3) a known 
locus of chronic infection,28 and (4) current or prior lab-
oratory values and vital signs that could raise concern 
for infection. Additionally, within the 6 months prior her 
index right humerus fracture, our patient had MR scan 
of her contralateral (left) shoulder in order to evaluate 
for a rotator cuff tear after a fall. This suggests that MR 
scanning was readily available for evaluation of her right 
shoulder had there been significant symptoms in that re-
gion. Definitive proof that our patient's osteomyelitis was 
acute would require CT or MR scanning within days or 
a few weeks of the fracture and/or histological examina-
tion of the material from the acute fracture site or from the 
nascent infection site.29 Neither of these was done in our 
patient's case.

The prior reported case that resembles our pa-
tient was a 58-year-old female that also: (1) was an 
alcoholic, (2) had a closed proximal humerus frac-
ture from a ground-level fall, and (3) had S. aureus 
(likely MSSA) as the causative organism (Case 1 in7). 
Treatment then (early 1970s) did not include the use of 
absorbable calcium sulfate beads, and nonabsorbable 

tobramycin-impregnated PMMA beads were just being 
introduced. Although that patient's infection was eradi-
cated, humeral head resection was the treatment for the 
painful nonunion.

Although our patient's nonunion may have resulted 
from compromised blood flow at the time of fracture,30,31 
the displacement of fracture that was done to insert a 
PMMA dowel and to place calcium sulfate beads likely 
further perturbed blood flow. This is important because 
these beads require adequate blood supply to enable bone 
healing.32,33 Surgical perturbation of the fracture site could 
have been avoided if the metaphyseal region had been 
debrided through a drill hole made near the supraspina-
tus tendon insertion.34 Drilling in this location (as when 
employing intramedullary nailing for proximal two-part 
humerus fractures) does not compromise humeral head 
blood flow.35 Although this is an established method for 
debriding the medullary canal of the humerus and other 
long bones,16,36 we felt that it would not have allowed for 
adequate debridement in our case (Figure 2).

4   |   CONCLUSION

We describe a rare case of an infection at the site of a 
closed acute proximal humerus fracture in an adult with 
chronic alcoholism. Whether or not this infection was 
acute, subacute, or chronic, it is rare to have a deep infec-
tion at the site of a closed fracture in an adult. When faced 
with similar circumstances of unexplained leukocytosis, 
malaise, fever, and increasing pain at a fracture site, and/
or positive blood cultures in an immunocompromised 
patient, healthcare providers should consider immediate 
MR or CT scanning to help determine if an infection is 
present at the fracture site.

F I G U R E  5   Anterior–posterior (A) 
and lateral (B) radiographs obtained at 
4 months after the final debridement 
surgery. The fracture is clearly a displaced 
atrophic nonunion and a pseudarthrosis 
has formed.
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