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INTRODUCTION

Hallux abducto valgus is a common lower extremity 
pathology that presents with symptoms of pain and 
discomfort. Without proper treatment, it can lead to 
more detrimental deformities such as overlapping digits, 
hallux dislocation, and ulceration. When pain persists after 
thoroughly exhausting conservative treatments, surgical 
intervention becomes a viable option that can lead to relief 
of both pain and physical deformity (1). 

There are several surgical procedures that have been 
discussed in the literature that acknowledge the physical 
deformity and symptoms in a hallux valgus deformity. There 
are a myriad of options, ranging from soft tissue (2) to 
osseous procedures at different locations of the metatarsal. 
Mann et al observed that performing a distal soft-tissue 
procedure alone led to a persisting abnormally increased 
intermetatarsal angle (3). Despite narrowing it down to 
metatarsal osteotomies, the severity of the deformity often 
dictates the ideal location of the osteotomy site (1). While 
distal metatarsal osteotomies can successfully correct mild 
hallux valgus deformities, more progressive deformities with 
a moderate to severe intermetatarsal angle greater than 15 
degrees may require a proximal metatarsal osteotomy or a 
first metatarsal cuneiform arthrodesis (4). 

Deciding between an osteotomy and an arthrodesis is a 
process that requires patient education and understanding. 
A proximal first metatarsal osteotomy is the preferred option 
for patients who want to avoid the commitment of sacrificing 
a joint (5). Lack of osteoarthritis or hypermobility in the 
first metatarsal cuneiform joint proves difficult for some to 
justify destruction of the joint. However, in contrast, the 
first metatarsal cuneiform joint was described by Hansen 
as an “unnecessary joint” (6). As with fusion of any other 
joint, arthrodesis of the first metatarsal cuneiform joint can 
result in a transfer of motion to adjacent joints, which can 
lead to osteoarthritis of these adjacent joints over time. In 
2008, Lagaay compared the success of these two procedures 
and determined that their revision rates were not statistically 
significant, with an 8.82% revision rate for the closing base 
wedge osteotomy and an 8.19% in the Lapidus procedure (7). 

The closing base wedge osteotomy is an inherently 
stable osteotomy (8). It was first introduced in 1901 by 
Loison as a transverse metaphyseal osteotomy (9). The 

initial closing base wedge osteotomies were not internally 
fixated, but instead relied on the transverse orientation of the 
osteotomy and the medial hinge for stability. Christansen et 
al concluded that osteotomies of the proximal aspect of the 
first metatarsal base demonstrated superior stiffness when 
done with an intact hinge, as compared to osteotomies 
without a hinge (10). With the advance of internal fixation, 
Juvara modified the osteotomy in 1919 to an oblique 
osteotomy to allow for a single compression screw to be 
placed (11). In 1977, the Podiatry Institute introduced a 
long-arm oblique osteotomy to allow for 2 screws to be 
placed across the osteotomy site (12,13). However, with the 
transition from the transverse to an oblique osteotomy, the 
osteotomy was no longer within the metaphyseal portion of 
the first metatarsal. 

The significance of the osteotomy occurring in the 
metaphyseal or diaphyseal bone is a result of the difference 
in the healing capacity of these types of bones. Diaphyseal 
bone marrow contains more fat, while metaphyseal bone 
consists of mesenchymal stem cells, allowing new bone 
formation (14). Fractures that occur in the diaphysis heal 
through a process that begins with inflammation and 
endochondral bone formation, also known as a bone callus 
(15). From there, soft bone forms and is transformed to 
hard bone over time. In contrast, metaphyseal bone fractures 
heal with stronger new bone formation (16). In addition, 
metaphyseal bone has the advantage of an extensive web 
of metaphyseal arteries to supply the new bone formation 
while diaphyseal bone often relies on a single nutrient artery 
(17). As a result, a transverse closing base wedge with the 
osteotomy exclusively in the metaphyseal aspect of the first 
metatarsal is expected to heal faster than the longer oblique 
osteotomy that is partially located in the diaphysis of the 
long bone (Figure 1).

As seen in the initial introduction of the closing base 
wedge osteotomy, a transverse osteotomy does not allow any 
room for ideal screw fixation. The use of staples in foot and 
ankle surgery is not uncommon, as it is used in procedures 
including epiphysiodesis, Akin procedures, and even 
tarsometatarsal joint fusions (18-20). However, discussion 
of its use in first metatarsal proximal base procedures 
is scarce. Numerous studies in the past have compared 
different fixation techniques for proximal bunionectomies 

CHAPTER  7



34  

(21). These include fixation options such as plates, single 
and double screws, and Kirschner wires (K-wires) (21). 
Staples are a dynamic source of internal fixation that can 
function in several ways, by altering its application (22). 
When placed on the tension side of an osteotomy, it can 
prevent any gapping or distraction and instead convert that 
force into compression. 

In this study, we investigated the dimensions of the first 
metatarsal to be able to determine ideal staple lengths for 
fixating first metatarsal osteotomies. We propose that by 
applying staples to a closing base wedge osteotomy with a 
transverse cut, placing one dorsal-lateral to plantar-lateral 
and one plantar-medial to plantar-lateral, we can employ the 
tension band effect to prevent the distractive forces on the 
plantar aspect of the metatarsal and provide compression 
throughout. By doing this, we would be able to correct 
severe hallux abducto valgus deformities with high 
intermetatarsal angles (IMAs) with a proximal metatarsal 
base wedge osteotomy, a stable surgical option that allows 
for early weight-bearing. 

METHODS

We retrospectively reviewed 504 weight-bearing plain film 
radiographs of the lower extremity obtained from 2014-
2016 from a private practice group. Radiographs were 
excluded if there was a history of any soft tissue or osseous 
surgeries to the foot or ankle, trauma, or if the patient 
was younger than 18 years old. The following dimensions 
were recorded from the lateral view: dorsal to plantar 
depth of metatarsal 1 cm from the joint at the proposed 
location of the proximal staple arm, and dorsal to plantar 
depth of the joint at the level of the distal staple arm. On 
the dorsal-plantar view we measured the medial to lateral 

length of the metatarsal approximately 1 cm from the first 
metatarsocuneiform (MC) joint and the medial to lateral 
length of the metatarsal 2.5 cm from the first MC joint 
(Figures 2, 3).

From the results of the initial phase of the study 
described above, we worked with a medical device company 
to create staples that fit the dimensions of base of the first 
metatarsal where we propose the staples to be placed.  
We simulated a transverse base wedge osteotomy on  
cadaver limbs to investigate the strength of the staples when 
used in this type of osteotomy. The construct’s load to 
failure was measured and compared to the same osteotomy, 
which was fixated with alternative forms of fixation, such as 
screws and plates. 
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RESULTS

The resulting lengths of the 4 staple legs varied immensely 
between the measurements recorded. This indicated the 
need for a staple with varying lengths of the proximal and 
distal legs. For the values taken from the dorsal-plantar 
view of measurements intended for the proximal arm of the 
horizontal staple directed plantar medial to plantar laterally, 
95.03% of all subjects were within 4 mm less than the 
measurements 21 mm and 26 mm. As for the distal arm of 
same horizontal, 93.64% of the subjects were within 4 mm 
less than of 15 mm and 18 mm (Figures 4-7).

When looking at the lateral view, the lengths of the 
vertical staple oriented dorsal-lateral to plantar-lateral can 
be determined. In the measured population, 84.29% of all 
subjects fall within 4 mm less than the measurements of 29 
mm and 33 mm. As for the distal arm, 92.45% of the subjects 
fall within 4 mm of 17 mm and 21 mm. A small sample of 
the reviewed population was taken to determine the average 
angle required, which was found to be 10 degrees from 
the perpendicular. As a result, we have determined that by 
using 2 staple sizes for the vertical staples with proximal 

and distal legs measuring 21 and 33 mm, and 17 and 29 
mm, respectively, we are able to provide compression for a 
significant amount of the population. As for the horizontal 
staple, the two staple sizes with proximal and distal legs 
measuring 26 and 18 mm, and 21 and 15 mm, adequate 
compression will be provided to a significant amount of  
the population

DISCUSSION

There are several stable surgical options to choose from 
when attempting to correct hallux abducto valgus. There are 
even more options to choose the fixation when doing these 
procedures. When correcting a severe hallux abducto valgus 
deformity with a high IMA, often, the proposed procedures 
require a prolonged period of time prior to weight-bearing. 
In addition to serving as a deterrent to many patients, it is 
also a concern for those who may not be able to perform 
their activities of daily living without being able to bear 
weight. With the procedure discussed, (the closing base 
wedge osteotomy with a transverse osteotomy fixated with 2 
staples, one dorsal and one medially), hallux abducto valgus 

Figure 4. Figure 5.

Figure 6. Figure 7.
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deformities with severe IMAs may be a stable method of 
fixation and allow the convenience of early weight-bearing. 
When looking at the staples available today, they are not 
optimized to fit the measurement requirements of this 
proposed osteotomy. Further research can be done to look 
at the load to failure of this proposed method of fixation. 

The closing base wedge osteotomy was initially 
described in 1901 as a transverse osteotomy and has evolved 
into an oblique osteotomy to allow for 2-screw fixation. By 
reverting back to a transverse osteotomy and preoperatively 
measuring the first metatarsal base to use staples with 
a bridge angulated at 99 degrees, early weight-bearing 
is an option after correction of severe or rigid bunion 
deformities. Further studies should investigate the load-to-
failure, plantar gapping and stiffness of 2 staples compared 
to 2-screw fixation. 

REFERENCES
	 1.	 Ben-Ad, R. Fixation updates for hallux valgus correction. Clin 

Podiatr Med Surg 2014; 31:265-79.
	 2.	 Zembsch A, Trnka HJ, Ritschl P. Correction of  hallux valgus: 

metatarsal osteotomy versus excision artrhroplasty. Clin Orthop 
2000;376:183 -94.

	 3.	 Mann RA, Rudicel S, Graves SC. Repair of  hallux valgus with a distal 
soft-tissue procedure and proximal metatarsal osteotomy: a long-
term follow-up. J Bone Joint Surg Am 1992;74:124-9. 

	 4.	 Nyska M, Trnka HJ, Parks BG, Myerson MS. Proximal metatarsal 
osteotomies: a comparative geometric analysis conducted on 
sawbone models.Foot Ankle Int 2002;23:938-45.

	 5.	 Schuberth JM, Reilly CH, Gudas CJ. The closing wedge osteotomy: 
a critical analysis of  first metatarsal elevation. J Am Podiatry Assoc 
1984;74:13-24. 

	 6.	 Hansen ST. Functional Reconstruction of  the Foot and Ankle. 
Lippincott Williams-Wilkins; 2000.

	 7.	 Lagaay PM, Hamilton GA, Ford LA, Williams ME, Rush SM, 
Schuberth JM. Rates of  revision surgery using Chevron-Austin 
osteotomy, Lapidus arthrodesis, and closing base wedge osteotomy 
for correction of  hallux valgus deformity. J Foot Ankle Surg 
2008;47:267-72.

	 8.	 Fillinger EB, Mc Guire JW, Hesse DF, Solomon MG. Inherent 
stability of  proximal first metatarsal osteotomies: a comparative 
analysis. J Foot Ankle Surg 1998;37:292–302.

	 9.	 Loison M. Note sur le traitment chirurgical de hallux valgus d’apres 
l’etude radiographique de la deformation. Bull Mem Soc Chir 
1901;27:528.

	10.	 Christensen JC, Gusman DN, Tencer AF. Stiffness of  screw fixation 
and role of  cortical hinge in the first metatarsal base osteotomy. J 
Am Podiatr Med Assoc 1995;85:73-82.

	11.	 Juvara E. Nouveau procedure pou-la cure radicale du “hallux 
valgus.” Nour Presse Med 1919;40:395.

	12.	 Landsman AS, Vogler HW. An assessment of  oblique base wedge 
osteotomy stability in the first metatarsal using different modes of  
internal fixation. J Foot Surg 1992;31:211-9.

	13.	 Nichols AA, Jimenez DL, Ruch JA. The closing base wedge 
osteoromyrevisited. In Reconstructive Surgery of  the Foot & Leg 
Update 2003,Tucker (GA): Podiatry Institute Publishing; 2003. p. 
96-101.

	14.	 Jarry L, Uhthoff  HK. Differences in healing of  metaphyseal and 
diaphyseal fractures. Can J Surg 1971;14:127-35.

	15.	 Claes L, Reusch M, Gockelmann M, Ohnmacht M, Wehner T, Amling 
M, et al. Metaphyseal fracture healing follows similar biomechanical 
rules as diaphyseal healing. J Orthop Res 2011;29:425-32.

	16.	 Uhthoff  HK, Rahn BA. Healing patterns of  metaphyseal fractures. 
Clin Orthop Relat Res 1981;160:295-303.

	17.	 Aronson J, Shen X. Experimental healing of  distraction osteogenesis 
comparing metaphyseal with diaphyseal sites. Clin Orthop Relat Res 
1994;301:25-30.

	18.	 Russell NA, Regazzola G, Aiyer A, Nomura T, Pelletier MH, Myerson 
M, et al. Evaluation of  Nitinol staples for the lapidus arthrodesis in 
a reproducible biomechanical model. Front Surg 2015;14:65. 

	19.	 Mereau TM, Ford TC. Nitinol compression staples for bone fixation 
in foot surgery. J Am Podiatr Med Assoc 2006;96:102-6. 

	20. Korkala OL, Kuokkanen HO, Eerola MS. Compression-staple 
fixation for fractures, non-unions, and delayed unions of  the carpal 
scaphoid. J Bone Joint Surg Am 1992;74:423-6. 

	21.	 Aiyer A, Russell NA, Pelletier MH, Myerson M, Walsh WR. The 
impact of  Nitinol staples on the compressive forces, contact area, 
and mechanical properties in comparison to a claw plate and 
crossed screws for the first transmetatarsal arthrodesis. Foot Ankle 
Spec 2016;9;232-40. 

	22.	 Shibuya N, Manning SN, Meszaros A, Budny AM, Malay DS, Yu 
GV. A compression force comparison study among three staple 
fixation systems. J Foot Ankle Surg. 2007;46:7-15.

CHAPTER 7


