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appears to be more common in those older than 18 
months and is often caused by acute infections [3]. It pre-
dominantly occurs at the distal tibia and is mainly caused 
by Methicillin-Sensitive Staphylococcus aureus and Kin-
gella kinga [2]. Another study showed that among the 10 
patients with physeal-associated osteomyelitis, 8 exhib-
ited growth disturbances [4]. Animal studies have shown 
that damage exceeding 7% of the physeal cross-sectional 
area may significantly increase the risk of subsequent 
limb growth disturbance [5]. Large-scale retrospective 
studies are lacking in clinical research. Favorable out-
comes in THO cases are typically seen in subacute infec-
tions with low-virulence pathogens and older children 
[6–8]. Overall, current research on THO often empha-
sizes the severity of its long-term sequelae [9–11]. In this 

Background
Hematogenous osteomyelitis(HO) is a common pediatric 
infectious disease, in which timely treatment generally 
leads to favorable outcomes [1]. However, in some rare 
cases, infection can cause damage to the physeal plate, 
which is referred to as the transphyseal hematogenous 
osteomyelitis (THO). A previous retrospective study 
indicated that 25.7% of pediatric hematogenous osteo-
myelitis involved the growth plate [2]. THO in children 
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Abstract
Background  Transphyseal hematogenous osteomyelitis(THO) has been considered a potential cause of severe 
sequelae due to its damage to the growth plate. It has been reported that growth disturbance would take place if 
the area of involvement exceeds 7%. However, the growth plate seems to have more potential to recover and regain 
normal function.

Case presentation  We report three cases of hematogenous osteomyelitis(HO) in children (ages 9 weeks, 4 years, 
and 13 years respectively ) with significant physeal involvement. All patients underwent surgical debridement and 
antibiotic therapy. Follow-up assessments demonstrated full recovery, with normal knee movements, no pain and 
equal limb length. Complete recovery of the physeal plate morphology and normal subsequent development were 
observed.

Conclusions  THO in children may have the chance of complete recovery after proper treatment, suggesting that the 
physeal plate has a great potential for self-recovery.

Clinical trial number  Not applicable.
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study, we report three cases of THO, all of whom made a 
full recovery. The clinical characteristics and prognosis of 
these cases are discussed in detail.

Case presentation 1
A 4-year-old boy was admitted to a primary care facil-
ity with right knee pain, swelling, and limited range 
of motion. He experienced a sprain before the onset 
of symptoms but became pain-free after a few days of 
immobilization. Subsequently, he developed a fever of 
38℃ without any signs of upper respiratory infection. 
The primary care facility treated him with a 7-day course 
of oral first-generation cephalosporin, which partially 
relieved his symptoms. However, the intermittent knee 
pain persisted for about three weeks, and the patient vis-
ited our hospital for further treatment.

Physical examination revealed tenderness, mild swell-
ing, and restricted flexion and extension of the right 
knee, with no erythema or flare around the joint. Sig-
nificant laboratory findings included a white blood cell 
count of 9.0 × 10⁹/L, an erythrocyte sedimentation rate 
of 65  mm/h, and a C-reactive protein (CRP) level of 
27.6 mg/dL. The blood culture was negative. MRI of the 
right distal femur revealed a longitudinal, translucent 
lesion with a well-defined border across the growth plate 
(Fig. 1-A) and THO was suspected. The lesion accounts 
for 6.7% of the growth plate area in the coronal plane.

Surgical treatment was performed 30 days after the 
onset of symptoms. Joint aspiration found purulent 
fluid and the patient underwent abscess drainage and 
curettage of the lesion, along with irrigation of the joint 

cavity. The infected area started from the metaphy-
sis, went down across the growth plate of distal femur, 
extended distally until eroding the cartilage and break-
ing in to the joint space. One-fifth of the growth plate of 
the distal femur was involved. No bone grafting, bone 
cement, or local antibiotics was used. Microbiological 
analysis identified Gram-positive Staphylococcus aureus. 
The diagnosis of THO in the distal femur with septic 
knee arthritis was made.

Postoperatively, the patient received cefmetazole 
sodium at the dose of 0.5 g twice daily for one week and 
was discharged when his white blood cell count and CRP 
levels returned to normal. At the 2-year follow-up, clini-
cal and radiographic evaluations confirmed complete 
healing, with no signs of growth arrest (Fig.  1-B.C.D). 
Physical examination showed no limitation in the range 
of motion of the affected knee and equal limb length.

Case presentation 2
A 9-week-old boy was admitted to our hospital with 
decreased active motion and swelling of his left knee 
joint, along with mild restriction in passive flexion and 
extension for approximately 20 days. His temperature 
was normal, and there was no history of trauma or upper 
respiratory infection. Physical examination revealed 
swelling of the left knee joint with normal skin tempera-
ture. The knee was flexed at 30 degrees, with restricted 
extension and pain (crying and resistance) during flex-
ion. Laboratory investigations found normal white 
blood cell count of 9.7 × 10⁷/L and normal CRP level of 
4.85 mg/L. MRI revealed that the lesion extended across 

Fig. 1  A 4-year-old boy diagnosed with transphyseal hematogenous osteomyelitis of the distal right femur underwent both preoperative and follow-up 
imaging studies. A. Preoperative knee MRI T2-weighted images revealed a lesion disrupting the lateral physis of the distal femur. B.C.D. Postoperative 
full-length X-rays and anteroposterior and lateral views of the distal right femur showed symmetrical alignment of the lower limbs, with the affected side 
approximately 0.6 cm longer than the unaffected side, and no evidence of growth disturbances
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the epiphyseal plate of the distal femur, with the destruc-
tive area occupying 25.1% of the total growth plate area 
in the coronal plane, accompanied by significant knee 
joint effusion (Fig. 2-A). Upon admission, the patient was 
started on empirical broad-spectrum antibiotics (i.v. oxa-
cillin, 0.1 g twice daily).

The patient was diagnosed sub-acute THO and sep-
tic arthritis. Under aseptic conditions, 5  ml of yellow-
green pus was aspirated from the knee joint for culture, 
which yielded negative result. The patient underwent 
arthroscopic washout, drainage of the abscess, and curet-
tage of the lesion. During the surgery, yellow-white puru-
lent tissue was observed within the knee joint. After 
debridement, a cavity was found in the femoral cartilage, 
and the infection had spread through the growth plate 
from the distal femoral ossification center, involving the 
metaphysis. The cavity was left unfilled and a cast was 
used for immobilization after surgery. The bacterial cul-
ture yielded negative results. Due to significant clinical 
improvement, the antibiotic regimen was continued for 
two weeks and the patient was discharged after normal-
ization of white blood cell count and CRP levels. MRI 
scans of the knee joint were performed six months and 
one year postoperatively. Initially, a “bone bridge” formed 
in the growth plate, but it did not impede growth and 
gradually moved away from the growth plate as the bone 
grew (Fig.  2-B). By the one-year follow-up, the growth 
plate and epiphysis had almost returned to their normal 
shape (Fig. 2-C). Two years after surgery, during a follow-
up outpatient visit, physical examination of this child 
showed the limbs were of equal length, with no angular 
deformities and no restriction in the range of motion 
(Figure-D).

Case presentation
A 13-year-old boy was admitted to our hospital with 
swelling, erythema, and pain in the left knee for one 
day. His temperature was normal, but he had a his-
tory of minor knee trauma two months before onset of 
the symptoms. Physical examination revealed swelling 
of the left knee joint with normal skin temperature. The 
knee was flexed at 20 degrees, with restricted extension 
and pain during flexion. Laboratory results showed a 
white blood cell count of 9.31 × 10⁷/L, an elevated eryth-
rocyte sedimentation rate of 100  mm/h, and a CRP 
level of 85.8  mg/dL. The blood culture was negative.
MRI revealed extensive subcutaneous and bone marrow 
edema, with localized involvement of the medial epiphy-
seal plate of the proximal tibia (Fig. 3-A). The destruction 
area of the growth plate accounted for 14.3% of the total. 
He was diagnosed THO of the left proximal tibia.

Upon admission, the patient received empirical anti-
biotic treatment (i.v. cefazolin, 0.5  g twice daily) and 
soon underwent surgical treatment. The lesion extended 
proximally across the epiphyseal plate into the epiphy-
sis, with complete involvement of the tibial tuberosity 
epiphysis. The knee joint was not involved. After debride-
ment, a cavity approximately 6.0 × 5.0 × 5.0 cm in size was 
left, and antibiotic-laden bone cement (40  g polymeth-
ylmethacrylate with 2  g vancomycin) was applied for 
anti-inflammatory treatment and mechanical support. 
Intraoperative pathogen culture identified Gram-nega-
tive Staphylococcus. Postoperatively, the organism was 
sensitive to cefazolin (M.I.C. ≤ 0.12). The patient contin-
ued the current antibiotic regimen for two weeks and was 
discharged once his white blood cell count and CRP lev-
els normalized.

Two years post-surgery, the child’s height had increased 
by approximately 13  cm since the initial visit. Physical 

Fig. 2  A 9-week-old boy diagnosed with transphyseal hematogenous osteomyelitis of the distal left femur underwent both preoperative and follow-up 
imaging studies. A. Preoperative MRI showed that the lesion was hyperintense on sagittal T2-weighted images. The hypersignal shadow was seen in the 
metaphysis and epiphysis. B. Sagittal T2 MRI image of the knee 2 months after operation. C. Sagittal T1 MRI image of the knee 1 year after operation. D. 
The anteroposterior X-ray of both knees taken 2 years postoperatively showed no evidence of growth arrest in the lower limbs
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examination revealed that the limbs were of equal length, 
with no angular deformities and no restriction in the 
range of motion. Full-length radiographs of both lower 
limbs and the anteroposterior and lateral views of the left 
knee showed good recovery. The growth plate and epiph-
ysis had almost returned to their normal shape (Fig. 3-B), 
followed by bone cement removal (Fig. 3-C.D).

Discussion and conclusions
HO in children predominantly affects the metaphysis of 
long bones. This is primarily due to the slow blood flow 
within the metaphyseal vascular loops that allows bacte-
ria to settle [1]. Some researchers suggest that between 
birth and the first two years of life, blood vessels directly 
connect the metaphysis to the epiphysis. These vessels 
permit bacteria to traverse the growth plate and invade 

the epiphysis, leading to growth plate destruction. In 
older children, however, these vessels gradually disap-
pear, making the growth plate an effective barrier against 
bacterial invasion [3, 12–14]. However, this study reports 
two cases of THO, including a 4-year-old and a 13-year-
old child. This indicates that the barrier sometimes can 
also be destructed and THO is still a possibility in chil-
dren elder than age two.

Prognostic factors of THO include the extent of phy-
seal damage, bacterial virulence, and age [2, 3, 6–8, 15, 
16](Table 1). However, no clinical studies have reported 
a specific threshold for predicting prognosis. Animal 
studies have shown that damage exceeding 7% of the 
physeal cross-sectional area significantly increases the 
risk of subsequent limb growth disturbances [5, 6]. This 
threshold is currently used in predicting the likelihood 
of a favorable prognosis. However, in our report, despite 
physeal damage far exceeded this threshold, their limb 
growth remained unaffected. This finding challenges the 
threshold of 7% and indicates that aside from the per-
centage of involvement, there might be other factors 
that influence the recovery of physeal morphology and 
development.

Bacterial virulence may be one of the factors, with 
lower bacterial virulence correlating with less physeal 
damage [7, 16]. Bogoch [7] reported six cases of Bro-
die abscesses that crossed the physis, none of which left 
growth disturbance after treatment. This was attributed 
to the low virulence of the pathogens which possibly 
reduced the impact on their growth potential. However, 
Eli Ezra’s study of eight cases of Brodie abscesses found 
that five children older than five years with subacute 
THO experienced favorable recovery, while three older 
children developed varying degrees of growth distur-
bance [6]. This suggests that not all patients with sub-
acute infections have favorable outcomes, leading to 
the suggestion that older age might be associated with a 
lower risk of growth disturbances.

Our cases also demonstrated surprisingly favorable 
outcomes. In Case 1 and Case 2, both involving young 
children, serial MRI scans revealed that soon after sub-
siding of the inflammation, a lesion with the bottom at 
the physis and ossified edge in the metaphysis formed 
at the site of THO, previously regarded as a temporary 
“bony bridge”. With the growth of new bone from the 
physis of the distal femur, the lesion extended proximally 
and the ossified edge gradually diluted and merged with 
nearby metaphyseal bones. Physis at the bottom of the 
lesion regained continuity and developed at the same 
speed as nearby, leaving no sign of permanent bony 
bridge. This suggests that physeal damage due to THO 
has a strong potential of self-repair and do not necessar-
ily result in poor prognosis.

Fig. 3  A. Preoperative MRI revealed a hyperintense lesion on sagittal T2-
weighted images, indicating complete transgression of the growth plate. 
B. Full-length X-rays taken 2 years postoperatively showed no evidence of 
growth arrest in the lower limbs. C and D. X-rays of the knee joint in both 
the anteroposterior and lateral views, taken after the removal of the bone 
cement, showed no evidence of growth arrest in the lower limbs
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THO presents significant controversy regarding prog-
nosis in pediatric patients due to its distinct pathogen-
esis and clinical presentation, which differ from primary 
epiphyseal osteomyelitis. Despite recent advances, con-
troversies remain regarding the age distribution, mech-
anisms of infection spread, and prognosis of THO. 
Currently, there are no specific treatment protocols or 
guidelines for THO. We have largely adhered to the strat-
egies outlined in traditional literature, including timely 
antibiotic usage and surgical debridement upon diagno-
sis. Considering the diversity of age, site of involvement 
and time elapse between onset of symptoms and sur-
gery, we believe that the good outcome of the three cases 
should be explained by the great remodeling potential 
of the growth plate in children, rather than any specific 
skills of diagnosis or treatment.

This study has several limitations. While longer follow-
up until skeletal maturity is needed to fully assess the 
prognosis of THO, the follow-up duration in our cases 
was limited to 2 years. The small sample size also limits 
the universality of the findings. Future studies should 
increase the sample size and compare cases with and 
without complications to better understand the prognos-
tic factors.

In conclusion, we provided three cases of THO that 
gained full-recovery of the physeal plate morphology and 
function. THO in children may have the chance of com-
plete recovery after proper treatment, suggesting that 
the physeal plate has a greater potential for self-recovery 
than previously thought. Further research is needed to 

explore the mechanisms underlying this self-recovery, as 
well as the characteristics of physeal plate damage that 
could potentially lead to permanent dysfunction.
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Table 1  Overview of prognostic factors and outcomes in transphyseal hematogenous osteomyelitis
Study/Au-
thor (Year)

Study 
Design

Population Sample Size Surgery Prognostic Conclusion

Bogoch et al. 
(1984)

Case series Children with 
Brodie abscess

6 pediatric 
patients

4- Incision and 
drainage
2-None

Functional re-
covery, healing 
of bone

The good prognosis is attributed to the low 
virulence of
the infecting organism, the host’s immune 
response, and the modification of the infec-
tion through antibiotic therapy.

C. Tudisco et 
al. (1991)

Case series Children 
with chronic 
osteomyelitis

4 pediatric 
patients

4-Incision and 
drainage

Growth arrest Chronic osteomyelitis-induced damage to 
the growth plate may be irreversible.

Wes Peters et 
al. (1992)

Case series Children 
with acute 
osteomyelitis

 6 neonates 4-Incision and 
drainage 2-None

Growth arrest Neonatal infection-induced growth plate 
damage can have catastrophic sequelae.

Eli Ezra et al. 
(2002)

Case series Children with 
Brodie abscess

8 pediatric 
patients

8-None Functional re-
covery, healing 
of bone

No difference in treatment or outcome 
between patients with lesions confined
to the epiphysis and those involving the 
physis and adjacent metaphysis.

Emal Wardak 
et al. (2009)

Case series Children 
with acute 
osteomyelitis

4 pediatric 
patients

4-Incision and 
drainage

Growth arrest Narrowing of the growth plate is a risk factor 
for future growth disturbance, with children 
over eight years more likely to be affected.

Andrea Cossio 
et al. (2019)

Case report Children with 
Brodie abscess

1 pediatric 
patient

Incision, drainage, 
and filling of
the bone defect 
with BAG-S53P4 
granules

Functional re-
covery, healing 
of bone

BAG-S53P4 could be a suitable and safe 
bone substitute in the treatment.
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