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Surgical treatment of recurrent acute lymphoblastic leukemia with
humeral osteomyelitis as the first symptom: a case report and

literature review
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Abstract: Osteomyelitis is a complication of acute lymphoblastic leukemia (ALL); however, its incidence
rate is low. Recurrent ALL for which osteomyelitis is the first manifestation is rarer still. The repair and
reconstruction of segmental bone defects caused by infection is a clinical problem. This article reports a
rare case study of a 22-year-old male patient with recurrent ALL for which right humeral osteomyelitis
was the first symptom including chills at first, recurrent fever and chills then, purulence from poster lateral
right upper arm finally. Before treatment, the patient concealed his previous history of ALL. Debridement
was performed, and the Masquelet technique and free fibula transplantation were used to reconstruct the
humerus. ALL recurred with extensive bone invasion throughout the body 10 weeks after the humeral
reconstruction. Despite the success of bone marrow transplantation, the patient died of complications. A
limited follow-up period reveled that while leukemia extensively affected the bones of the patient’s body,
the reconstruction of the humerus was successful, and bone healing was good. This case study suggests that
atypical or unexplained osteoarticular infection may be the precursor to some systemic diseases, and that
Masquelet technology combined with free fibula transplantation is one of the best choices to treat segmental

bone defects.
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Introduction

Very few patients with acute lymphoblastic leukemia
(ALL) experience complications with osteomyelitis during
chemotherapy (1-6). Recurrent ALL for which the first
symptom is osteomyelitis involving the entire long bone
is very rare. The resulting long segmental bone defect
is difficult to treat in clinical orthopedics. Whether the
Ilizarov technique, the Masquelet technique, or a simple
free fibula transplantation is used, the comprehensive
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effect is not satisfactory. This article reports a case study
of a patient with recurrent ALL for whom the first
symptom was right humeral osteomyelitis. After thorough
debridement, Masquelet technology combined with free
fibula transplantation was used to reconstruct the patient’s
humerus, and satisfactory results were achieved.

We present the following article in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1112).

Ann Transl Med 2021;9(8):722 | http://dx.doi.org/10.21037/atm-21-1112


http://dx.doi.org/10.21037/atm-21-1112
http://dx.doi.org/10.21037/atm-21-1112
https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-1112

Page 2 of 7

Liu et al. Osteomyelitis with acute lymphoblastic leukemia

Figure 1 Preoperative images and first intraoperative photos. Before the first operation, an X-ray (A) showed the uneven bone density of

the right humerus shaft, the thin cortex, the visible callus formation, and the pathological fractures of the distal and proximal humerus shaft.

During the operation, the posterolateral sinus tract of the right upper arm was visible (B), the whole humerus was immersed in pus, and the

medullary cavity was filled with purulent tissue (C).

Case presentation

A 22-year-old male felt pain in his right upper arm after
lifting dumbbells on November 20, 2017, and reported
experiencing chills that night. He felt feverish but did
not take his temperature. The next day, the patient did
not experience chills, but he reported that, despite no
obvious redness or local swelling, his right upper arm
felt uncomfortable for the next 3 weeks. After 9 days of
acupuncture and moxibustion treatment since December
10th, the pain in the patient’s arm was relieved, but he
regularly experienced “fever in the morning, chills in
the daytime, chills at sunset, and body heat at night”; no
measure of his body temperature was taken. On the night of
December 24, 2017, the posterolateral rupture of the right
upper arm was purulent, and the patient was hospitalized
the next day, at which time the patient concealed his
chemotherapy history of ALL 3 years ago, but revealed
his history of appendicitis surgery. On the night of his
admission, the patient’s body temperature was 39.1 °C,
he had a c-reactive protein (CRP) of 76.78 mg/L, and his
total number of white blood cells (WBCs) and various
classifications were within the normal range. A culture of
secretory bacteria suggested salmonella enteritidis. His
diagnosis at admission was chronic osteomyelitis of right
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humerus.

On January 2, 2018, the patient was placed under
general anesthesia and underwent the “external fixation
of right humeral fracture, debridement of osteomyelitis,
implantation of vancomycin and gentamicin calcium sulfate,
vacuum sealing and drainage” (see Figure 1). One week
later (on January 9, 2018), “right humeral osteomyelitis
debridement, loading vancomycin and gentamicin bone
cement open placement” were performed (see Figure 2).
The samples from both operations indicated “inflammatory
lesions,” but the bacterial culture was negative. Imipenem
combined with rifampicin were used for anti-infection. On
April 9, 2018, when the induction membrane around the
bone cement rod was fully formed, “right humerus bone
cement removal, free fibula transplantation, autologous
iliac bone mixed with vancomycin and gentamicin calcium
sulfate bone grafting” were performed (see Figure 3).
During the operation, part of the induced membrane
was removed for examination. The bacterial culture was
negative, and the disease was reported as an “infiltration
of hyperplastic fibrous tissue, small focal lymphocytes and
plasma cells.” After the operation, the patient was treated
with linezolid, and a combination of linezolid, and rifampin
for 8 weeks.

10 weeks after the fibula transplantation, the patient
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Figure 2 Photos from the second operation. In the second operation on January 9, 2018, the entire 21 cm long humeral shaft lesion was

taken out of the dead bone (A), and a prefabricated antibiotic bone cement rod was implanted in the humeral shaft bone lesion to occupy

the place (B); a postoperative X-ray showed that the bone cement and the humeral force line was good. To strengthen the local mechanical

strength, 2.5 mm K-wire was inserted into the antibiotic bone cement rod to achieve the effect of “reinforced concrete” (C).

reported feeling pain in his left shoulder. Imaging revealed
no obvious abnormalities, but routine blood testing showed
a significant increase in the total number of WBCs and
lymphocytes. After a hematology consultation, a diagnosis
of ALL was suggested for the first time. The patient insisted
that he be discharged to another hospital for treatment;
however, ultimately, he did not seek further treatment. The
patient was hospitalized again because of systemic pain
on August 30, 2018, and presented with extensive skeletal
destruction (see Figure 4). At this time, the patient revealed
that he had undergone one course of chemotherapy to
treat ALL 3 years ago, and that this caused appendiceal
perforation and peritonitis. Postoperatively, the patient
refused any treatment. He was admitted to the hematology
department on the same day and received chemotherapy.
He underwent a successful bone marrow transplantation on
February 27, 2019. However, due to pulmonary infection,
the patient died on November 21, 2019.

During the limited follow-up period, no signs of local
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infection occurred in the right upper arm. 14 months after
the operation, in the case of extensive bone destruction
throughout the body, a ring-shaped callus had formed
around the fibula flap, which fully healed the bone (see
Figure 4).

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

Discussion

The patient’s morbidity and pathological characteristics had
the basic characteristics of osteomyelitis, but the clinical
manifestations differed to those of typical blood-borne
osteomyelitis. First, local infection was serious, and while
systemic symptoms were serious, local symptoms were
light. The patient’s CRP was high, but the total number
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Figure 3 Photos from the third operation. In the third operation on April 9, 2018, the bone cement rod was removed during the operation,
and the local induced membrane was fully formed (A). The design of the fibula flap on the left calf (B). The implanted area was implanted
with limited internal fixation with screws. Filled with antibiotic calcium sulfate particles and autologous iliac bone around the fibula flap (C).
The fibula artery and vein were anastomosed end to side, and all surgical incisions were closed. A postoperative X-ray showed that the fibula

flap transplantation position and humerus force line were good, the bone graft was sufficient, and the internal and external fixation was in

place (D).

of leukocytes and their classification fell within the normal
range. Further, the envelope around the dead bone of
the humeral shaft conformed to the general pathological
characteristics of chronic osteomyelitis; however, the period
from the onset of the disease to the operation was only
6 weeks, and the rapid formation and wide range of the
envelope differed to that which was routine, and the surface
of the dead bone was widely changed by insect erosion, and
also differed to that which was routine.

Currently, there is no clear evidence as to whether this
series of different manifestations was related to the patients’
previous history of ALL. In the past 30 years, more than 20
patients with ALL reported osteomyelitis after undergoing
chemotherapy 2-5 times (1-7). All of these patients had
low-toxic bacterial infections or fungal infections (4,5). Low
immunological function is an important inducement of
bone infection. Only two cases of ALL have been reported
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for which the first symptom was osteomyelitis (8,9). In both
these cases, the patients were children and had multiple
osteomyelitis. The author of one of two case reports was
of the view that one of the two children mentioned above,
who presented with a low incidence of osteomyelitis, a non-
specific histopathology and laboratory tests that usually
showed negative bacterial cultures, had chronic recurrent
multifocal osteomyelitis (CRMO) (10,11). This child's case
was similar to the one in the present case study.

After debridement, a bone cement rod was used to fill
the humerus shaft bone defect for the patient in the present
case study. Due to the large range of bone defects, a 2.5-mm
diameter Kirschner wire was placed in the center of the
prefabricated bone cement rod to form a “reinforced
concrete” mode to strengthen the local mechanical strength
during bone cement openness. Notably, no research appears
to have been conducted on the “bone cement-Kirschner

Ann Transl Med 2021;9(8):722 | http://dx.doi.org/10.21037/atm-21-1112



Annals of Translational Medicine, Vol 9, No 8 April 2021 Page 5 of 7

Figure 4 Imaging after 20 weeks of reconstruction of humerus. 20 weeks after fibula transplantation (August 30, 2018), an X-ray showed

that the osteogenesis around the fibula flap was good, but a low-density shadow-like insect erosion could be seen in the humeral head (A);
computed tomography (CT) showed the femoral head and acetabulum (B), the sacrum and ilium (C) bone destruction to varying degrees.
14 months after the fibula transplantation, an X-ray (D) and a CT reconstruction (E) showed that the fibula flap had thickened significantly

and was surrounded by an obvious continuous callus; a CT plain scan (F) showed that a good circular callus had been formed around the

fibula flap; however, the bone density of the humeral head remained low and there was significant bone destruction (G).

wire” model to date, and its mechanical properties require
turther study.

Autogenous cancellous bone grafting is the “gold
standard” of the classic Masquelet technique for second-
stage bone grafting. However, for the patient in the
present case study, a pure autologous cancellous bone graft
did not effectively fill the cavity, or provide mechanical
support and stability. A simple fibula transplantation can
cause bone healing and restore the length of the limbs;
however, as the fibula and humerus are very different in
diameter, the local mechanical strength after transplantation
cannot fulfil patients’ normal physiological needs. Thus,
a vascularized free fibula transplantation combined
with autogenous cancellous bone and mixed bone grafts
loaded with vancomycin and gentamicin calcium sulfate
were used. This approach was adopted for the following
reasons: (I) segmental bone transplantation of the fibula
can be used to reconstruct bone continuity and provide
mechanical support; (II) after the whole fibula is grafted,
it effectively takes up space in the cavity formed by the
induced membrane, which greatly reduces the amount of
autogenous cancellous bone; (II) grafting of the fibular flap
with microvascular anastomosis, improves the success rate
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of bone transplantation and is conducive to bone healing;
(IV) compared with simple free fibula transplantation,
this surgical method is beneficial to local osteogenesis,
and increases the circumference of the fibula flap; and
(V) the degradable loaded vancomycin and gentamicin
calcium sulfate granules can enable highly concentrated
local-antibiotic delivery and prevent the need for a second
operation.

This patient’s bone transplantation resulted in
satisfactory bone healing; however, it should be noted
there was extensive bone destruction in the whole body
due to osteogenesis. Previous studies of patients with ALL
have confirmed that before treatment, bone destruction is
mainly caused by leukemia cells, and the lesions are more
serious; however, after chemotherapy, bone destruction
occurs because chemotherapy drugs inhibit bone synthesis
and promote bone absorption (2,3,9). After 4 months
of chemotherapy, accompanied by osteoporosis and the
destruction of multiple parts of the body, the patient
achieved satisfactory boniness, which also confirmed
that Masquelet technology combined with free fibula
transplantation effectively improved the quality of bone
healing.
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There is no clinical report on this operation method.
However, based on the successful experience of this patient,
we are of the view that this surgical treatment is an effective
method for the treatment of segmental long bone defects
after debridement of chronic osteomyelitis. In addition,
after reviewing the course of the disease and treatment,
and based on the limited literature available in this area,
we suggest that (I) when a series of atypical or unexplained
osteoarticular infections occur, the possibility of other
systemic diseases, including tumors, should be considered;
and (II) thorough debridement, effective tissue filling and
an antibiotic slow-release system are key to the treatment of
osteomyelitis.
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