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The Utility of Routine Radiographic Monitoring in Pediatric
Osteoarticular Infections

Christopher R. Gajewski, MD*, Nicholas D. Gajewski, MD’, Alexander Upfill-Brown, MD,
MSc”, Rachel M. Thompson, MD"T, Mauricio Silva, MD"*

"UCLA Department of Orthopedic Surgery, Los Angeles, CA
TOrthopedic Institute for Children, Los Angeles, CA.

Abstract

Background: Pediatric musculoskeletal (MSK) infections broadly include isolated osteomyelitis
(OM), septic arthritis (SA), and combined infections (OM+SA). These diagnoses are often
monitored with serum inflammatory markers and serial radiographs to monitor treatment response
and development of negative sequelae, despite limited data supporting these practices. The
purpose of this study is to evaluate the utility of obtaining serial radiographic follow-up for
pediatric osteoarticular infections.

Methods: An institutional review board-approved retrospective review was completed. Children
18 years and below admitted to a single institution with a culture/biopsy-proven diagnosis of OM,
SA, or OM+SA. All postdischarge radiographs were reviewed and retrospectively categorized

as either routine (scheduled) or reactive. Routine radiographs were obtained regardless of

clinical presentation. Reactive radiographs were obtained in patients presenting with the sign

of an altered clinical course. Negative sequelae, defined as growth arrest/disturbance, pathologic
fracture, recurrent MSK infection, and underlying neoplastic process, were recorded and tracked.
Descriptive statistics were used to summarize demographic and outcome variables. Number
needed to screen (NNS) was defined as the inverse of the incidence of negative sequelae detected.

Results: A total of 131 patients were included for analysis, with a mean age of 11.9 years (SD:
4.96 y). Ninety (69%) patients were diagnosed and treated for OM, 25 (19%) for SA, and 16
(12%) for combined infections. A total of 329 radiographs were obtained following discharge. Of
those obtained, 287 (88%) were routine, resulting in the detection of 2 (0.7%) negative sequelae
and a resultant NNS of 143 radiographs (95% confidence interval: 36-573). The remaining 39
were reactive radiographs, resulting in the detection of 2 (5.1%) negative sequelae with an NNS of
20 radiographs (95% confidence interval: 5-78).

Conclusions: While radiographs remain a widely utilized tool to screen for the development
of negative sequelae in pediatric osteoarticular infections, they rarely alter management in the
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absence of other concerning clinical signs or symptoms such as recurrent fevers, swelling of the
extremity, or limb deformity. Moreover, routine radiographic surveillance should be replaced with
a reactive radiographic protocol.

Level of Evidence: Level Ill—retrospective comparative study.

Keywords

musculoskeletal infection; osteomyelitis; septic arthritis; radiographic monitoring

Musculoskeletal (MSK) infection, including osteomyelitis (OM), septic arthritis (SA),

and combined infections (OM+SA), are common diagnoses in the pediatric population,
comprising roughly 1.8/1000 of all pediatric emergency department visits per year.! While
early diagnosis and treatment has reduced the morbidity and mortality associated with these
conditions, there remains a significant health burden in this populations given the persistent
risk of developing negative sequelae, including recurrent infection, pathologic fracture,

and growth disturbance or arrest.2=> Given the prolonged time course for recovery from
MSK infections, these negative sequelae often occur long after the index hospitalization.
Approximately 20% of negative sequelae are detected after 12 months following initial
diagnosis.® In an effort to identify negative sequelae early and avoid catastrophic outcomes,
long-term clinical follow-up is often accompanied by ongoing monitoring of serial serum
inflammatory markers and serial radiographic follow-up.

While magnetic resonance imaging (MRI) remains widely utilized for diagnosis of
osteoarticular infections given its high sensitivity (97% to 100%), high specificity (92%),
and its ability to detect evidence of early infection within 2 to 5 days of disease onset,”8
radiographs are routinely ordered at initial presentation, before obtaining advanced imaging,
given their wide accessibility and relatively low cost. Further, plain radiographs are often
obtained during long-term follow-up to monitor the infectious course and evaluate for
adverse events.®10 However, the time to resolution of imaging findings remain unclear.11

Moreover, the utility of obtaining serial radiographic imaging in this patient population and
its ability to detect negative sequelae before the onset of clinical findings is unknown. As
such, this study aims to examine the value of obtaining serial radiographs in the setting of
pediatric MSK infections.

METHODS

An institutional review board—approved, level 111 retrospective review was completed.
Children 18 years and below who were admitted to a single institution with a culture/
biopsy-proven diagnosis of OM, SA, or OM+SA between 2012 and 2018 were included.
Patients were excluded for follow-up of < 6 weeks following an acute hospitalization, lack
of postdischarge radiographs, and for diagnosis of chronic recurrent multifocal OM. All
post-discharge radiographs were reviewed and retrospectively categorized as either routine
(scheduled) or reactive. Routine radiographs were defined as those obtained regardless

of clinical presentation. Reactive radiographs were defined as those obtained in patients
presenting with persistent or recurrent pain, injury, fever, swelling, limb deformity, or
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elevation of inflammatory markers. Radiographs were evaluated for negative sequelae by
2 separate authors in a blinded fashion to the patient’s history.

Negative sequelae, defined as growth arrest/disturbance, pathologic fracture, recurrent MSK
infection, and underlying neoplastic process identified via radiographs, were recorded

and tracked in all included patients. Descriptive statistics were utilized to summarize
demographic and outcome variables. Number needed to screen (NNS) was defined as the
inverse of the incidence of negative sequelae detected via routine and reactive radiographs.
Two-tailed Student ¢tests and Mann-Whitney rank-sum tests were used to analyze
differences within normally and non-normally distributed variables, respectively. Statistical
significance was defined as P-value < 0.05. Statistical analyses were performed using R
3.6.0 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 168 patients were initially identified, of which 131 patients were included for
analysis (36 excluded for lack of plain radiographs, 3 excluded for diagnosis of chronic
recurrent multifocal OM, and 1 excluded for concomitant screening MRIs). The resultant
cohort had a mean age of 11.9 years (SD = 4.99 y), of which 93 were male (71%), and 90
(69%) had a diagnosis of OM, 25 (19%) SA, and 16 (12%) combined infections. A total

of 329 screening radiographic series were obtained of the affected area following discharge
(average: 2.5 per patient). Forty-eight (37%) patients had 1 follow-up radiograph, 34 (26%)
had 2, 21 (16%) had 3, and 28 (21%) had 4 or more (Table 1). Patients with OM had an
average of 2.57 radiographs per patient, those with combined infections had 3.43, and those
with SA had 1.72. Patients with SA had significantly fewer follow-up radiographs than those
with OM or combined infections (P= 0.007).

Patients were clinically followed for an average of 10.2 months (SD = 16.3 mo) by an
orthopaedic surgeon, or infectious disease specialist focused on the evaluation of the index
infection. There was great variability in follow-up duration (0.4 to 85.6 mo). Likewise, the
duration of radiographic follow-up was quite variable, with an average of 8.9 months (SD =
14.8 mo). At a minimum, all patients had 1 follow-up visit, and all were followed for 6 or
more weeks following discharge; however, 29 (22%) patients were lost to follow-up during
their treatment course.

Of the 329 total screening radiographic series, a total of 287 (88%) routine radiographs were
obtained, resulting in the detection of 2 (0.7%) negative sequelae. The number of routine
radiographs required to detect 1 adverse outcome was 143 [95% confidence interval (Cl):
36-573]. Routine monitoring was performed in 127 patients, resulting in number of patients
required to monitor with routine radiographs to detect 1 adverse outcome of 64 (95% ClI:
16-253). Routine radiographs detected 1 pathologic fracture and 1 instances of growth arrest
(Fig. 1), which were detected on days 9 and 198 postdischarge, respectively.

The remaining 39 radiographic series obtained were reactive, resulting in the detection of
2 (5.1%) negative sequelae. Factors that prompted obtaining reactive radiographs included
recurrent pain, limping, fevers, swelling, and local erythema. The resultant number of
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reactive radiographs required to detect 1 adverse outcome was 20 (95% CI: 5-78). These 39
reactive radiographs were obtained in 26 patients, resulting in an NNS of 13 (95% ClI: 4-52).
Reactive radiographs identified 1 recurrent infection and 1 Ewing sarcoma (Fig. 2), which
were detected on days 56 and 546 postdischarge, respectively.

DISCUSSION

Pediatric MSK infections remain a significant concern for orthopaedic surgeons, given the
potential for adverse events including growth arrest, recurrent infection, and pathologic
fracture. The prevalence of these negative sequelae is decreasing despite an increase in MSK
infections in this population, in large part due to early detection and aggressive treatment.12
As seen in this population, these adverse events often occur months after the index

infection. As such, long-term clinical follow-up is necessary following acute eradication of
infection. Stratifying which patients require longer follow-up poses a challenge to physicians
given the heterogeneity in location, microorganism, and disease severity. Recent work has
demonstrated the utility of considering risk factors such as C-reactive protein elevation, age,
and persistent fevers to predict disease severity and guide follow-up duration, but given the
limited number of adverse events identified in this cohort, this series cannot guide the length
of clinical follow-up.13 Rather, its aim is to determine the utility of routine radiographic
follow-up in these patients, regardless of duration. In fact, while the diagnostic utility of
plain radiographs and inflammatory markers in this setting is well-established, there is no
consensus on the role of obtaining routine radiographs in monitoring for treatment response
or the presence of adverse outcomes in this patient population, despite their common use.

In our series of 131 patients, we found that routine radiographs in the absence of clinical
findings rarely identified adverse outcomes or negative sequelae and that laboartory values
are not necessarily predictive of radiographic adverse outcomes, despite their utility in
monitoring acute and subacute response to treatment.

In fact, the diagnosis of pediatric MSK infections remains largely clinical. While there

is ultrasonography and MRI are effective at confirming the diagnosis, the utility of

plain radiographs in diagnosing acute OM is limited as they do not commonly reveal
osseous changes within the first week of symptom onset.14 Moreover, the osseous changes
that become apparent on plain radiographs (periosteal thickening, lytic lesions, and loss

of trabecular architecture) are persistently present for weeks following the initiation of
treatment.15 As such, their usefulness in monitoring response to treatment is questionable.
Clinical presentation was the most sensitive marker for an altered course necessitating
further workup including radiographs as all adverse events presented with clinical findings
concerning for an altered clinical course. Differentiation of an active versus an inactive
lesion on plain radiographs is difficult and rarely alters management in the absence of
additional imaging or changes in symptoms.16 Despite this, plain radiographs are often
included as part of the initial workup and follow-up for this patient population.

In this current cohort, only 2 adverse events were detected via routine imaging with an NNS
of 143 radiographic series. The pathologic fracture was treated with splint immobilization,
which went onto union without further sequelae. The growth arrest was treated with drill
epiphysiodesis of the contralateral limb to prevent subsequent leg length discrepancy. Of the
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2 adverse events detected via routine radiographs, both presented with notable clinical signs
and symptoms (persistent pain and gross deformity) of an altered clinical course detected
during the clinical examination after radiographs had been obtained. These clinical findings
would have prompted further investigation (reactionary radiographs) and would resultantly
have been identified in the absence of a routine radiographic protocol. In that light, we
recommend obtaining reactive radiographs when there is evidence of an altered clinical
course as opposed to following all patients with routine radiographs indiscriminately. Of
note, the 1 patient excluded for screening MRI was found to have a recurrent infection; the
MRIs were obtained for persistent pain noted during clinical follow-up.

There are notable limitations impacting the design and results of this study. As mentioned
above, the small number of negative sequelae detected limited the power and generalizability
of the gathered data. While the average length of follow-up was adequate to capture most
adverse events, there was significant variability in this patient population and a 22% loss

of follow-up. This lack of consistent follow-up may have limited the ability to capture and
account for all negative sequelae. There was also heterogeneity within the adverse events,
which can differently impact the radiographic, laboratory, and clinical presentation. Most
importantly, this was a retrospective review, and radiographs were obtained based on the
preference of 5 treating pediatric orthopaedic surgeons, and there was much heterogeneity
in the follow-up schedule and protocol. A larger randomized control study and cost analysis
are necessary to definitively determine the value of routine radiographs in this patient
population. However, these results are the first step in identifying probable overutilization in
this patient population.

Plain radiographs remain a widely utilized tool to monitor response to treatment in
osteoarticular infections, but they rarely alter management in the absence of other signs

or symptoms of negative sequelae and significantly increase radiation burden, health

care utilization, and costs. In our relatively large series of pediatric MSK infections, all
patients with radiographically detected negative sequelae had clinical signs and/or symptoms
consistent with an altered course, negating the need for routine radiographic surveillance
and highlighting the utility of reactive radiographs. As such, treating orthopaedic surgeons
are encouraged to shift from a routine to a reactive radiographic protocol following
osteoarticular pediatric infections.
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A

FIGURE 1.
Negative sequelae of routine radiographs. A, Index finger osteomyelitis (left) and resultant

ulnar deviation from middle phalanx growth arrest (right). B, Distal femoral osteomyelitis
(left) and resultant leg length discrepancy (right).
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FIGURE 2.
A, Mid-diaphyseal Ewing sarcoma. B, Recurrent distal tibia osteomyelitis.

J Pedliatr Orthop. Author manuscript; available in PMC 2023 August 03.

Page 8




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Gajewski et al.

TABLE 1.

Patients” Demographic Information

Variables Patients[n (%)]
Infection
oM 90 (69)
SA 25 (19)
SA+OM 16 (12)
No. follow-up radiographs
1 48 (37)
2 34 (26)
3 21 (16)
4+ 28 (21)
Routine monitoring
No. radiographs 287
Negative sequelae 2
Reactive monitoring
No. radiographs 39
Negative sequelae 2

OM indicates osteomyelitis;

SA, septic arthritis.
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