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Learning Overview: The goal of this presentation is to demonstrate through case example the timing of fracture repair in a pediatric occipital fracture.
Subperiosteal new hone is observed macroscopically in this case in which the death occurred after an interval ranging from 72 to 78 hours following
cranial fracture in a 19-month-old.

Impact on the Forensic Science Community: This presentation will impact the forensic science community by providing a time frame for early bone
response in a pediatric skull fracture using casework with a documented timeline.

This case study follows a 19-month-old female with an acute occipital fracture. The patient was medically treated for 42 hours prior to pronounced
brain death and survived 30 additional hours on a ventilator awaiting organ harvesting. The perpetrator had sole custody of the child for six hours prior
to the 911 call. Autopsy findings included an acute occipital skull fracture terminating in the foramen magnum, subgaleal, periosteal, subdural, and
subarachnoid hemorrhages, cerebral edema with uncal and cerebellar herniation, bilateral multi-layered ocular hemorrhages, scattered contusions, and
healing fractures of the right radius and ulna. An anthropology examination using a stereomicroscope revealed Subperiosteal New Bone Formation
(SPNBF) in a diffuse pattern surrounding the cranial fracture site and no evidence of bony remodeling of the fracture gap. Other anthropology findings
included a healing fracture of the right ulna with separated cortical walls, bridging callous and subperiosteal new bone formation surrounding the
fracture, and a healing right radius fracture presenting as a swelling of the cortex with the cortical walls intact.

Fracture healing rates in human infant/child crania have few references in the literature, although it is reported that infants and children have a faster
healing rate with deposition of new bone occurring within hours of injury.%? The cranium undergoes intramembranous bone repair, a process that
requires no cartilaginous precursor. Early events include cell proliferation and differentiation. Osteoprogenitor cells, including undifferentiated stem
cells that convert to osteoblasts, are present in the cambium layer of the periosteum. New bone matrix is synthesized by osteoblasts under the periosteum
and deposited onto the cortical surface adjacent to the fracture and progresses toward the fracture.®* The immature dura mater has been shown to
produce higher rates of osteogenic cellular activity that contributes to the rapid repair of cranial trauma.® It is suggested that the interaction of vascular
components and the initiation of the periosteal response facilitate intramembranous bone formation.* Histologically, intramembranous ossification is
shown to occur a few days following injury.® Hard callous is found to develop under the periosteum as early as two to five days in rats.®

The knowledge of the timing of the healing response is primarily based on published radiographic data that highlights the time of appearance of
SPNBF.” It is hypothesized that macroscopic observation will reveal bony change earlier in the process. Anthropologists and pathologists working in
the medical examiner setting have the diligence, dedication, and devotion to collect gross and histologic data from cases with known survival intervals
to ascertain the timeframe for early healing response in subadult cranial fractures. When interpreting findings of fracture healing in a forensic report,
practitioners can report only to the limits of the knowledge shared through publication. This limits the narrow time frame provided to investigators and
the judicial system. This presentation provides a documented time frame for the formation of SPNB in a healing cranial fracture and begins a study of
known forensic cases to more accurately define time-since-injury estimates.
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