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Uncommon Effect of Phenytoin on Fracture Union: Report of Two Cases

Tanmay Anil Avhad', Shubham Dakhode'

Learning Point of the Article:

The article highlights the importance of regular bone health monitoring and fracture healing assessment for individuals undergoing
phenytoin therapy, emphasizing the need for clinicians to remain vigilant and consider metabolic adjustments and providing close
patient follow-up in epilepsy cases, also highlighting phenytoin’s potential positive therapeutic role in fracture management and need
for further studies.

Introduction: Prolonged phenytoin (PHD) therapy in epileptics predisposes patients to deleterious effects on bone health causing
osteoporosis; however, despite its known effect on wound healing, collagen and fibroblast proliferation, and osteogenic differentiation, its
impact on fracture healing remains poorly researched, we, report two cases of early exuberant callus formation in long bone fractures in patients
undergoinglong-term PHD therapy.

Case Report: Two female patients with known seizure disorder onlong-term PHD therapy experienced proximal humerus fractures after trivial
trauma. Metabolic work-up revealed low serum calcium and Vitamin D3 levels with elevated ALP, serum osteocalcin, and iPTH. Despite
planned surgery, both patients showed early exuberant callus formation post-trauma, leading to conservative management with successful
outcomes.

Conclusion: Regular bone health monitoring is crucial for patients on long-term antiepileptic therapy, especially PHD users, to enhance
treatment outcomes and address potential complications. Although the influence of PHD on fracture healing is uncertain, the cases presented
hintata potential beneficial correlation, indicating a need for more research in this domain.
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Introduction changes are the impact on bone metabolism, resulting in

Epilepsy stands as a considerable public health issue, impacting decreased bone mineral density and a heightened susceptibility

nearly 50 million individuals globally [ 1]. The negative impacts t© fractures. This situation is especially concerning for

of antiepileptic drugs (AEDs) on bone health were initially individuals with epilepsy, who already face an elevated risk of

documented almost 40 years ago and since then, increasing {racturesdueto othermedicationside effects (suchasataxia) and

evidence has connected a range of biochemical, metabolic, and concurrent neurologicalimpairments [4].

radiologicirregularitiesin bones to the utilization of AEDs [ 2, 3].

Historically, there has been limited focus on the metabolic
alterations linked to prolonged use of AEDs. Among these

Phenytoin (PHT) has been a cornerstone in epilepsy treatment
for over eight decades. Clinical observations have indicated that
patients undergoing prolonged low-dose PHD therapy are
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Figure 1: Radiograph showing right proximal 1/3rd periprosthetic
humerus fracture immediate post-trauma.

predisposed to gingival hyperplasia due to increased
proliferation of gingival fibrocytes and collagen [S]. Moreover,
there is a notable rise in jawbone thickness and density, leading
to patients exhibiting facial features resembling those of
acromegaly [6]. Conversely, individuals subjected to long-term
high-dose PHD therapy often develop osteoporosis, a
condition more prevalent among postmenopausal women [7].
Historical documentation indicates that the antiepileptic
medication PHD has been associated with promoting the
formation of granulation tissue and facilitating wound healing
[8]. Given the shared processes between wound healing and
fracture healing, such as angiogenesis, collagen synthesis, and
the release of various chemical mediators, it seemed reasonable
to speculate that the positive impact of PHD on wound healing
might also apply to fracture healing. However, research
exploring the effects of PHD on fracture healing remains scarce
[9].

We present a report of unusual cases of two patients of long
bone fracture on long-term PHD therapy where exuberant
callous formation was observed in early stages of fracture union
to highlight the relation between the metabolic effects of these
drugs on fracture union.

Case Report

The first case, 45-year-old female, known case of epilepsy for
two and half decades on PHD therapy had history of slip and fall
at home leading to right midshaft humerus fracture for which
the patient was managed surgically with plating. However, 1-
month post-operative, the patient had a history of trivial trauma
to the right arm. The clinical evaluation was consistent with the
radiographic finding of the right periprosthetic proximal 1/3rd

Figure 2: Radiograph showing right proximal 1/3rd humerus shaft
fracture immediate post-trauma.

humerus shaft fracture closed without any distal neurovascular
deficit (Fig. 1). In another case, a 56-year-old female, a known
case of epilepsy for 28 years on PHD therapy, had a history of
trivial trauma at home leading to right sided proximal 1/3rd
humerus shaft fracture closed without distal neurovascular
deficitas confirmed clinically and radiographically (Fig.2).

Considering the mode of injury both the patients were
immobilized with chest arm strapping and planned for surgery
along with a skeletal survey and metabolic workup to ascertain
the case for pathological fractures in both patients. Workup
suggested low levels of serum calcium, and Vitamin D3 with
high levels of ALP, serum osteocalcin, and parathyroid
hormone. (Table 1).

Therapeutic drug monitoring was performed for the AEDs and
found to be higher than the recommended level due to non-
compliance. Patients were worked up by the neurologist and
anesthetist deeming the patient’s poor candidates for surgery
due to their uncontrolled comorbidities. The repeat X-ray was
taken 2-week post-trauma for both patients revealed exuberant
callous at the fracture site which was unusual for the interval
from trauma.

Radiological evidence of exuberant callous formation was
noticed in both patients at the end of 10 days and 12-day post-
trauma, respectively (Fig. 3and 4). Clinical improvement in the
form of decreased local tenderness and reduced mobility was
noticed. Hence, patients were planned for a conservative line of
management, Humerus Bracing with early mobilization was
done along with metabolic corrections with Vitamin D3 and
calcium supplements was planned along with regular follow-
ups with serial radiographs. Both the patients showed an
improvement in functional outcomes and good radiological
union on serial follow-up and aggressive physical rehabilitation
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Figure 3: Radiograph of first patient — post-trauma day 10 showing callous
formation at fracture site in AP and lateral views.

(Fig.s).
Discussion

The density of bones is governed by a delicate balance between
bone formation and bone resorption. Initially, osteoblasts lay
down an organic matrix, predominantly comprising Type I
collagen (accounting for 90-95% of the matrix), alongside
other proteins such as osteocalcin, osteonectin, osteopontin,
and thrombospondin. Subsequently, mineralization occurs,
during which the organic matrix is impregnated with
hydroxyapatite, consisting of calcium and phosphorus. The
concentration of these ions in the plasma and extracellular fluid
dictates the rate at which hydroxyapatite forms and gets
deposited. Maintaining adequate levels of calcium and
phosphorus ions is crucial, as their deficiency can impede the
mineralization process of the organic matrix [10]. Various
biochemical markers can be assessed to gauge the overall rate of
bone remodeling, which can be categorized into markers of
bone formation originating from osteoblasts and markers of

\‘

i

Figure S: 1-month post-trauma showing good clinical recovery.

Figure 4: Radiograph of second patient — showing exuberant callous
formation on day 12 post-trauma on AP and lateral views.

bone resorption representing breakdown products of
osteoclastic activity [10]. Alkaline phosphatase serves as a
marker for osteoblasts, with its cellular levels correlating with
bone formation rates. In addition, circulating markers of bone
formation include osteocalcin and Type I procollagen C-
terminal peptide (PICP) [10].

During fracture healing, markers of bone formation indicate
osteoblastic activity. Initially, Type-III collagen, a non-
osteoblastic protein, is deposited, but it is later replaced by
Type-I collagen as bone formation commences. Consequently,
markers of bone healing include fragments of Type-I and Type-
IIT procollagen released during the formation of Type-III
collagen (such as Type-III collagen N-terminal propeptide,
PIIINP), as well as those related to Type-I collagen (like Type-I
collagen C-terminal propeptide, PICP, and Type-I collagen N-
terminal propeptide, PINP). More specific indicators of
osteoblastic activity encompass osteocalcin, the major non-
collagenous protein of bone matrix, and the isoform bone-
specific alkaline phosphatase, whose levels
escalate during different phases of fracture healing
[11].

The C-terminal extension peptide of Type I
procollagen (PICP) is a putative serum marker of
bone formation, and significant elevations have
been seen in patients taking AEDs such as PHD)
[12]. The effects of the above markers are not seen
in osteoporosis as it is a state in which bone
resorption exceeds formation. However, in
fractured state, body promotes fracture healing by
increasing osteoblastic activities and bone
formation. In Patients receiving AEDs, high levels
of bone formation markers indicating increased
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Table 1: Metabolic work up of both patients post trauma day 2 highlighting the status

ofboneheath.

osteoblastic activity can affect fracture healing both patients
sustained fractures following trivial trauma indicating severe
osteoporosis due to long-term anti-epileptic treatment.
Therapeutic drug monitoring revealed excessive plasma levels
of antiepileptics; hence, body’s response for fracture union
along with preexisting increased osteoblastic activity in
response to long-term excess dose of antiepileptics seem to have
acted synergistically in causing accelerated callous formation
promoting unionin both patients.

According to research conducted by Frymoyer [13], fibula
fractures in animals treated with DPH exhibited a statistically
significant increase in the rate of union. A comparison of
fracture healing trends between experimental and control
animals indicated a consistent improvement in fracture healing
among the experimental group throughout the entire
observation period.

In a study conducted by Donnell et al., utilizing a rat femur
fracture model with PHD injection at fracture sites and tendon
injuries, the subsequent evaluation revealed a higher count of
inflammatory cells (P < 0.05) and blood vessels (P < 0.05) in
the tendons treated with PHD compared to controls. However,
there was no statistical difference observed in the stiffness or
strength of the fractures treated with PHD compared to
controls [14].

Mathew et al, in his study to evaluate the effect of local
administration of PHD on fracture healing, showed a positive
impact on fracture healing throughout the periosteal callus,
particularly in hypervascular areas like the subperiosteal region.

However, the influence of PHD on fracture healing is
small and requires further research [15]. Ina study by
Yang et al,, locally administered PHD was evaluated.
Researchers assessed fracture healing using measures
such as callus weighing, radiology, and histology. The
findings revealed that both local and systemic use of
PHD promoted fracture healing [16]. Tang et al. also
showcased the beneficial impact of oral PHD in 40
cases involving closed fractures of the tibia and fibula.
Their study revealed improved healing in the
experimental group compared to controls by the
conclusion of 3 months [17].

Nevertheless, this unique phenomenon of tissue and
bone healing has been linked to the osteogenic
differentiation of human bone marrow stem cells
through the PI3K/Akt pathway [18]. This discovery holds
significant potential for enhancing our comprehension of
PHD’s impact on treatment strategies for fracture patients,
potentially leading to the replacement of other antiepileptic
medicationsknown to adversely affectbone health.

Conclusion

Regular monitoring of bone health and fracture healing is
crucial for individuals on long-term antiepileptic therapy,
especially those receiving PHD, to mitigate potential effects on
fracture healing and optimize treatment outcomes. Clinicians
should consider metabolic corrections and close follow-up in
patients with epilepsy to ensure timely intervention and
promote better bone health. While the precise effect of PHD on
fracture healing is not fully understood, the cases presented
highlight a potential positive relationship, underscoring the
need forfurtherresearchin thisarea.

Clinical Message

Regular monitoring of bone health is essential for patients on long-
term antiepileptic therapy, particularly those taking PHD, to
optimize treatment outcomes and mitigate potential complications.
While the exact impact of PHD on fracture healing remains unclear,
the presented cases suggest a possible positive relationship,
emphasizing the need for furtherinvestigation in this area.
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