Safe approach for fixation of fractures of the first metacarpal - an anatomical study
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ABSTRACT

This anatomical study defines a safe zone for percutaneous or minimally invasive fixation of fractures of the first metacarpal in order to avoid injury of the superficial branch of the radial nerve and the dorsal branch of the radial artery. The course of the nerve and artery branches were marked in 20 embalmed cadaver specimens. With Computed Assisted Surgical Anatomy Mapping a large diversity in anatomical pattern for the nerve and a consistent pattern for the artery were found. Based on these findings, transfixation of the first and the second metacarpals with K-wires placed in the distal 75% of both the first and second metacarpal would be the safest option.

INTRODUCTION

Long-term complications after closed and open surgery in the area of the first metacarpal include pain, loss of sensation, numbness, and tingling of the thumb (Emami and Mjoberg, 2000; Kamphuis et al., 2018; Singh et al., 2005). The sensory branch of the radial nerve (SBRN) is known for its involvement in pain syndromes that are very difficult to treat (Stokvis et al., 2010). Therefore, preventing iatrogenic damage to the SBRN is important. Iatrogenic injury of the radial artery is also frequently reported (Botte et al., 1992; Checroun et al., 1997; Evans et al., 2015; Wenger et al., 1980). Similarly to minimally invasive fixation of scaphoid fractures, the dorsal branch of the radial artery (DBRA) could be at risk during inter-metacarpal transfixation with K-wires for fractures of the first metacarpal  (Evans et al., 2015). 
The anatomical technique called Computer Assisted Surgical Anatomy Mapping (CASAM) has been successfully used previously to define anatomical variance in a diversity of anatomical studies (Kerver et al., 2013; Kerver et al., 2012; Ten Berge et al., 2011; van der Graaf et al., 2011). Based on these anatomical studies important clinical suggestions have been made to optimize surgical approaches (Kerver et al., 2013; Poublon et al., 2018). The current anatomical study uses CASAM to focus on the branching pattern of the SBRN and the DBRA in the area of the first and second metacarpal. The hypothesis was that a safe zone could be described for a surgical approach to the first metacarpal without risking iatrogenic injury of the SBRN and the DBRA.
MATERIALS AND METHODS

Preparation and dissection of the specimen
Twenty arms were flushed with anubifix® (Erasmus MC, Department of Neuroscience and Anatomy, 's-Gravendijkwal 230, 3000 CA Rotterdam, the Netherlands) to regain elasticity after rigor mortis and embalmed with a 4.4% formalin solution. None of these arms showed macroscopic signs of disease or previous surgery. Nine specimens were male, 11 female. The mean age was 79 years (range 61-90). Fifteen were right sided, five left sided. All dissections were performed by two investigators: AG and JvG with level of experience IV and III respectively according to Tang and Giddins (2016).
A standardized dissection technique was used. A semi-circular incision was made on the radial side of the forearm, approximately 10 cm distally to the elbow. On the anterior side of the forearm a longitudinal incision was made towards the thenar muscle. Another incision was made on the posterior side over Lister’s tubercle towards the second metacarpophalangeal (MCP II) joint. The two longitudinal incisions were connected via a semi-circular incision over the dorsal side of the interphalangeal (IP) joint of the thumb and the MCP II joint. The skin flap was then dissected from cranial to distal after identifying the SBRN submerging between brachioradialis (BR) muscle and extensor carpi radialis longus muscle (ECRL) muscle. The course of the SBRN was then dissected distally to the IP joint and MCP II joint. At each location where the nerve branched a yellow pin was placed. The radial artery was identified at the styloid process of the radius and marked with a red pin. The dorsal branch was identified in the anatomical snuff box and in the first web space and both locations were marked with a red pin.

CASAM
Using CASAM enables comparison of anatomical routes or anatomical relationships between different anatomical specimen which are different in size and dimension (Kerver et al., 2012; Kerver et al., 2013; Poublon et al., 2018; Ten Berge et al., 2011). CASAM is based on the fact that bony landmarks, such as Lister’s tubercle, have a relatively constant position in each arm. From these landmarks so called “shape defining landmarks” are calculated, to mark the outline of each arm, by equally dividing the space between two bony landmarks. The bony landmarks and shape defining landmarks were used to define the shape of each arm and the locations for these landmarks were computed. A digital program called Magic Morph (Publisher eTinysoft, High-tech Industry Park, Shenzhen, China; version Nov 2007) was used to merge all twenty arms into one “average” arm, a process called warping, which makes it possible to map the course of the SBRN and the DBRA of each individual arm in the “average” arm.

Photoshop processing
Each arm was photographed using a Nikon 60D camera with a Sigma 50mm 1:2.8 DG MACRO lens (Nikon Inc. USA, 1300 Walt Whitman Road, Melville, New York, U.S.A). These photographs were made using a standardized set-up (Kerver et al., 2012). The camera was positioned perpendicular to the specimen at a fixed distance and the arms were placed in specially designed clamps to ensure standard alignment (Poublon et al., 2018). The photographs of each arm are then used for CASAM. On each of these twenty photographs the course of the SBRN and DBRA are traced using Photoshop CS4 (Figure 1). The photoshop layers marking the twenty routes of the SBRN and the DBRA are then compiled into one picture for further analysis (Figure 2 and 3). 

Safe zone identification
The photoshop layers marking the SBRN and the DBRA were than compiled into one picture and a low-density area of the SBRN and the DBRA were identified separately (Figure 2 and 3). The overlap between the low-density squares for the SBRN and the DBRA defines the safe zone related to bony landmarks (Figure 4).


RESULTS

In all twenty arms the SBRN and DBRA could be identified and their anatomical course could be defined. Using CASAM it was possible to warp successfully all twenty arms to one “average” arm. The course of the SBRN at the first carpometacarpal (CMC1) joint and base of the first metacarpal was very diverse. A possible zone with low density of SBRN was defined distally to the CMC1 joint (Figure 2, blue square). The course of the DBRA was shown to be very similar in all twenty arms (Figure 3). A zone with low density of DBRA could be defined distally to the base of the second metacarpal (Figure 3; green square). The overlap between the green and bleu squares defined the safe zone (Figure 4) corresponding to the distal 75% of the first metacarpal.

DISCUSSION

The most important finding of the current study is that a safe zone for optimal surgical approach of first metacarpal fractures can be defined based on the courses of the SBRN and the DBRA using the new anatomical technique, CASAM, with which anatomical findings in separate anatomical specimen are combined. The reported large diversity in anatomical course of the SBRN in the area of the first and second metacarpals might explain the occasional iatrogenic injury resulting in post-operative pain and loss of sensation (Kamphuis et al., 2018). A constant anatomical route of the DBRA was found in all twenty arms. This might explain why iatrogenic arterial injury occurs less frequently in metacarpal surgery than in scaphoid fixation (Evans et al., 2015). Nonetheless, according to our study the dorsal branch of the radial artery can be at risk when inserting a percutaneous K-wire in through the proximal 25  % of the first metacarpal. 
For open reduction and internal fixation (ORIF) of fractures at the base of the first metacarpal a dorsal or dorsolateral approach is often recommended using anatomical landmarks such as the tendons of the extensor pollicis longus tendon, extensor pollicis brevis tendon and abductor pollicis longus, and bony landmarks such as the radial styloid, the CMC1 joint and the first metacarpophalangeal joint to define the surgical approach. However, the large variance in the branching pattern of the SBRN makes it hard to predict where sensory branches can be found during surgery and therefore it can be questioned whether a dorsal or dorsolateral approach is safe. In a recent clinical study comparing open and closed fixation of Bennet fractures with 10-year follow-up, a change of sensation of the thumb was reported in 13 patients, of which 11 had been treated by ORIF. Only patients in the ORIF group had severe pain scores (Kamphuis et al., 2018). 
Several K-wire techniques for percutaneous fixation have been described (Iselin et al., 1956; Liverneaux et al., 2015; Wagner, 1951; Wiggins et al., 1954). Clinical studies have shown that transfixation of the first and second metacarpals with parallel K-wires can be used in the treatment of extra-articular fractures as well as intra-articular fractures at the base of the first metacarpal and result in good clinical and radiological outcome (Greeven et al., 2012; van Niekerk and Ouwens, 1989). Another  percutaneous technique is the transfixation of the first metacarpal and the trapezium (Iselin et al., 1956; Wagner, 1950; Wagner, 1951; Wiggins et al., 1954). According to our findings, an extra-focal pinning technique with K-wires inserted more distally through the distal 75% of the first metacarpal and into the distal 75% of second metacarpal would be the safest option to prevent the DBRA and SBRN from injury.
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LEGENDS FOR THE FIGURES

Figure 1: Branching pattern of one arm marked yellow for SBRN and red for DBRA. 
The dark blue line shows the bony landmarks: the distal radius, the first and second metacarpal and the proximal phalanx.
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Figure 2: The combined branching pattern of the SBRN in all 20 arms. 
The dark blue line shows the bony landmarks: the distal radius, the first and second metacarpal and the proximal phalanx. The blue square marks the safe area.
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Figure 3: The combined branching pattern of the DBRA in all 20 arms.
The dark blue line shows the bony landmarks: the distal radius, the first and second metacarpal and the proximal phalanx. The green square marks the safe area.
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Figure 4: The combined safe zone defined by the overlap of the safe zones for the SRBN and the DBRA.
The dark blue line shows the bony landmarks: the distal radius, the first and second metacarpal and the proximal phalanx. The blue square marks the safe area for the SRBN, the green square marks the safe zone for the DBRA.
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