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Abstract

Metatarsal fractures are a common type of injury to the foot and can result in chronic pain and disability if the fracture site fails to fuse after a series of bone fusion 
procedures with or without instrumentation, resulting in pseudarthrosis, which may ultimately require amputation. A 58-year-old male patient without any known risk factors 
presented with pseudarthrosis and chronic pain in the right foot after 4 failed bone fusion procedures on the fi rst metatarsal bone where amputation was considered. 
The Hyper-Crosslinked Carbohydrate Polymer (HCCP) was injected with autologous bone marrow into the site of non-union without reduction or instrumentation in an 
outpatient setting. The patient showed a dramatic improvement over the course of 12 weeks and a radiographic fusion along with a 90% improvement in the pain scale. 
Forefoot and midfoot fractures and injuries associated with a high degree of pseudarthrosis may require a better predictor and appropriate fusion procedure before 
amputation is considered.

Case Report

Bridging and Repair of First 
Metatarsal Fracture with 
Chronic Pseudoarthrosis 
Following Multiple Surgical 
Interventions Using a Minimally 
Invasive Approach
Michael A Scarpone1 and Charles C Lee2*
1Department of Orthopedics, Trinity Health System, Catholic Health Initiatives, 15655 St Rt 170 Suite B, 
Calcutta, OH 43920, USA 

2Department of Cell Biology and Human Anatomy, School of Medicine, University of California, Davis 
95616, USA

Received: 20 January, 2025
Accepted: 03 February, 2025
Published: 04 February, 2025

*Corresponding author: Charles C Lee, Department of 
Cell Biology and Human Anatomy, School of Medicine, 
University of California, Davis 95616, USA, 
E-mail: cglee@ucdavis.edu

ORCiD: https://orcid.org/0000-0002-6601-6553

Keywords: Metatarsal fractures; Pseudarthrosis; 
Bone fusion procedures; Amputation risk; Hyper-
Crosslinked Carbohydrate Polymer (HCCP); Non-
union treatment; Radiographic fusion

Copyright License: © 2025 Scarpone MA, et al. 
This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
author and source are credited.

https://www.organscigroup.us

Introduction

Metatarsal fractures represent 5% - 6% of total fractures 
encountered in primary care [1,2]. Metatarsal fractures range 
from those that can be managed by primary care physicians to 
more complicated cases that require surgical intervention [3]. 
A fracture in the fi rst metatarsal bone has a greater clinical 
implication compared to the other metatarsals as it is enlarged 
and strengthened for the load-bearing role of standing and 
mobility. Typically, metatarsal fractures, other than those 
that affect the metatarsal head, are not displaced because 
adjacent metatarsals can provide mechanical/structural 
support although displacement may occur following multiple 
fractures. Patients with metatarsal fractures frequently 
present point tenderness, which may be attributed to axial 
loading at the metatarsal head [3]. Fractures in the metatarsal 

shaft tend to heal well without immobilization in the presence 
of suffi cient blood supply and cessation of weight-bearing 
activities for 4-8 weeks. However, lack of adequate stability 
and/or blood fl ow in addition to other risk factors such as 
diabetes, aging, smoking, and obesity may lead to nonunion, 
which generally results in a structure similar to a fi brous joint, 
referred to as a “false joint” or pseudoarthrosis. Frequently, 
pseudoarthrosis may be presented with a great motion at the 
fracture site with a pseudocapsule and fl uid collection between 
the fracture gap [4]. Therapeutic strategies for metatarsal 
pseudoarthrosis may include non-invasive uses of adjuvants 
such as ultrasound, electrical stimulation, electromagnetic 
stimulation, and shock waves [5-7]. More invasive strategies 
may include the implantation of grafts such as autologous 
bone, allograft, and internal fi xation with plate and screws, 
K-wires, or intramedullary nail [7,8]. In this report, we report 
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a case of a successful bone fusion in a patient who experienced 
pseudoarthrosis in the fi rst metatarsal bone that failed to fuse 
after a series of surgical strategies including internal fi xation 
and use of autologous bone graft in an outpatient setting.

Case report 

A 58-year-old male patient with no remarkable comorbidity 
with the initial diagnosis of osteoarthritis was presented with 
a possible stress fracture in the fi rst metatarsal bone of the 
right foot that had resulted in chronic pseudoarthrosis after 
4 separate surgical interventions including plates and screws, 
platelet-rich plasma, and autograft. The fracture occurred less 
than 1 year after the fi rst surgical intervention. The patient 
complained of severe pain and was unable to put any weight 
on the affected foot. Following four series of failed fusion 
procedures including the implantation of autologous bone, which 
resulted in chronic pain and also broken plate, amputation was 
considered the last resort. The plate and screws were removed 
from the affected site (Figure 1). HCCP (Osteo-P® BGS) was 
mixed with autologous bone marrow (CellFuse) in a sterile cup. 
HCCP/CellFuse (radiolucent) was pushed through an 8-gauge 
needle using a metal rod into the fracture site, which was 
backfi lled with additional autologous bone marrow as much 
as possible under fl uoroscopic guidance. No instrumentation 
or reduction was performed at the implantation site, and no 
external brace was placed on the patient. The entire procedure 
was performed in an outpatient setting. X-ray was performed 
at 5- and 12-weeks post-surgery and showed full bridging 
at the site of implantation (Figure 2). The patient showed no 
abnormal palpable motion at the proximal fi rst metatarsal at 
the 5-week post-surgery visit compared to palpable motion at 
the site pre-surgery. The patient was able to bear weight by 
5 weeks post-surgery and returned to routine activities with 
greater than 90% improvement in the pain score, to date. 

Discussion

According to the US Food and Drug Administration, non-
union is considered to be established after a minimum of nine 
months since the injury with the fracture site showing no 
observable and progressive signs of fusion for a minimum of 
three months [9]. Multiple factors may compromise fracture 
healing and infl uence the progression to pseudoarthrosis and be 
categorized into patient-dependent and patient-independent 
factors. Patient-dependent factors may include age, gender, 
congenital and genetic comorbidities, smoking, and use of 
pharmacological agents. Patient-independent factors may 
include the type and extent of fractures, infections, and 
adequacy of treatment [9,10]. However, the patient included 
in this report showed no known risk factors and was provided 
with adequate treatment. It is possible that the patient may 
have a genetic factor. A recent study investigated the existence 
of a genetic predisposition to fracture non-union which, when 
combined with other risk factors, could synergistically increase 
the susceptibility of a patient to develop non-union. This study 
indicated the existence of a potential genetically predetermined 
impairment within the BMP signaling cascade, initiated 
after a fracture and when combined with other risk factors 
could synergistically increase the susceptibility of a patient 
to develop non-union [11]. Although the patient included in 
this report was not investigated for a possible genetic cause, 
pseudoarthrosis following a series of surgical treatments 
including autograft implantation is highly signifi cant. It is also 
interesting to note that the patient showed fi brous non-union 
in the fi rst metatarsal while exhibiting callus formation, which 
might be a potential reason for different outcomes observed 
between the metatarsal heads, in addition to potential 
differences in vascularization and infl ammation at the fracture 
sites.

Working et al. reported that sustained high-energy injuries 
to the forefoot and midfoot resulted in an amputation rate of 
13.9% within 30 days post-injury and rose to 18.9% in one year 
[12]. This study also showed a statistically signifi cant increase 
in the rate of amputation following the high-energy fracture 
of the fi rst metatarsal bone compared to other risk factors 
such as midfoot dissociation, distal tibia fracture, tobacco 
use, or BMI; suggesting that the fi rst metatarsal fracture is a 
signifi cant predictor of amputation along with the fracture of 
all fi ve metatarsals. Chronic pain caused by pseudoarthrosis in 
the fi rst metatarsal of the patient included in this case report 
might have led to amputation. Other than the fi rst metatarsal 
fracture, the patient showed no other known risk factors for 
amputation. Although factors such as infection, inadequate 
blood fl ow, biomechanics, and patient biology (e.g., metabolic 
disorder) may be used for the prognosis, clinical observations 
and imaging modalities are the main methods for monitoring 
bone healing after a traumatic event and determining nonunion 
or pseudoarthrosis. However, they are poor prognostic markers 
as these methodologies only provide conclusive diagnosis 
many months, if not years, after post-intervention. It creates 
additional issues for patients who have already failed to fuse 
and are offered additional surgical intervention, which may or 
may not lead to a successful fusion and clinical outcome.

Figure 1: Preoperative Radiographic Evaluation of First Metatarsal Fracture. Plates 
and screws (A) were removed (B) prior to the implantation of HCCP and BMAC. 
White arrow: fi rst metatarsal fracture.

Figure 2: Postoperative Radiographic Evaluation of Bone Healing. Radiographic 
evaluation of the fi rst metatarsal fracture (white arrow) showed bony bridging at 5 
weeks (A) and further fusion at 12 weeks (B) post-implantation.
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Growth factors, specifi cally, Bone Morphogenic Protein 2 
(BMP-2) and Transforming Growth Factor-Beta 1 (TGF-1), 
play key roles in bone fracture healing by signaling various 
osteoinductive pathways. Hara et al. investigated the peak 
expression of circulating BMP-2 and TGF-1 as a predictor 
circulating marker for bone union [13]. The study showed a 
one-week delay in the peak expression of circulating BMP-
2 and TGF-1 in patients who experienced nonunion when 
compared to those with successful bone fusion. Urinary cross-
linked n-telopeptide (uNTx) was also investigated for its 
signifi cance as a predictive marker of nonunion, and a low 
level of the preoperative level of uNTx was implicated in the 
eventual development of pseudoarthrosis at 6 months and 
1-year post-surgical intervention [14]. The development of 
quantitative markers that can accurately predict successful 
bone fusion and/or pseudoarthrosis, coupled with advanced 
bone fusion technology, may provide a signifi cantly improved 
solution for patients who show a poor prognosis.

This study highlights the capability of Hyper-Crosslinked 
Carbohydrate Polymer (HCCP) and Bone Marrow Aspirate 
Concentrate (BMAC) to promote bone repair, regeneration, and 
bridging at the site of a bone fracture that has been hampered 
by pseudoarthrosis even after autograft implantation. HCCP has 
been shown to successfully bridge a critical-sized bone defect 
statistically equivalent to autologous bone in an animal model 
[15] and proposed to generate a conducive microenvironment 
for stem and progenitor cells [16]. Osteoprogenitor cells and 
growth factors in BMSC may have contributed to new bone 
formation in the patient included in this report. BMAC has an 
excellent safety profi le and has demonstrated promise as an 
orthobiologic adjuvant in foot and ankle bone fusion procedures 
[17]. Further clinical studies are needed to investigate the 
mechanism of bone repair and regeneration by HCCP and/or 
BMAC alone or in combination as observed in this study. In 
the case of an atrophic nonunion, the underlying conditions 
such as metabolic abnormalities, vascular issues, or infection 
may need to be addressed in conjunction with the HCCP/
BMAC approach. It would be interesting to investigate further 
whether this approach could address at least some of the causes 
of atrophic nonunion.

Conclusion

Non-union or pseudoarthrosis after a series of failed 
surgical interventions over the course of several years has 
signifi cant clinical consequences in addition to the possibility 
of irreversible biological changes that may hamper subsequent 
treatment and bone healing. There is a need for sensitive and 
quantitative diagnostic modalities to better predict and manage 
bone fusion and identifi cation of appropriate tools to treat and 
manage pseudoarthrosis, specifi cally, before more invasive 
approaches such as amputation are considered. Additional 
controlled studies are needed to evaluate the safety and 
effi cacy of HCCP and/or BMAC for addressing pseudoarthrosis 
in patients with metatarsal fractures.
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