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Abstract:

BACKGROUND: Neurovascular variation may be relevant when 
performing surgical techniques to the proximal plantar metatarsal 
region. 
OBJECTIVES: To document variations in the neurovascular anatomy of 
the proximal plantar metatarsal region and study the relationship of the 
neurovascular components to each other and other structures located in 
this area. 
STUDY DESIGN: Descriptive anatomical study. 
METHODS: Paired cadaver hind limbs from 15 horses were dissected 
from the distal tibia to the metatarsophalangeal joint. Deep branch of 
the lateral plantar nerve (DBLPN) length, location of its origin from the 
lateral plantar nerve (LPN), individual DBLPN ramifications into the 
suspensory ligament (SL) and relationship of the DBLPN to the plantar 
arch and accessory ligament of the deep digital flexor tendon (ALDDFT) 
were recorded. 
RESULTS: Mean DBLPN length was 5.8 ± 1.7 cm with the nerve arising 
3.7 ± 1.5 cm proximal to the head of the fourth metatarsal bone (MTIV). 
 There was a median of 3 individual DBLPN ramifications (range 2-6) 
entering the SL.  There were no significant left/right differences.  In 57% 
(CI 39-74%; n=17) limbs, the deep plantar arch was superficial to the 
DBLPN whereas in 33% (CI 16-50%; n=10) limbs the DBLPN passed 
between the venous and arterial components of the arch.  In 10% (CI 1-
20%; n=3) limbs the deep plantar arch was deep to the DBLPN.  In 67% 
(CI 50-84%; n=20) limbs the DBLPN was superficial to the ALDDFT 
where in 33% (CI 16-50%; n=10) limbs the nerve ran deep to the 
ALDDFT.  An additional branch from the LPN was noted in one limb.   
MAIN LIMITATIONS: Limbs were used from horses with unknown clinical 
history. 
CONCLUSIONS: Anatomical variation, in particular the relationship of the 
DBLPN and deep metatarsal fascia to the deep plantar arch and the 
ALDDFT is an important consideration when undertaking surgical 
approaches to the proximal plantar metatarsal region.

 

Equine Veterinary Journal



For Review Only

Page 1 of 25 Equine Veterinary Journal



For Review Only

1 ABSTRACT

2 BACKGROUND: Neurovascular variation may be relevant when performing surgical 

3 techniques to the proximal plantar metatarsal region.

4 OBJECTIVES: To document variations in the neurovascular anatomy of the proximal plantar 

5 metatarsal region and study the relationship of the neurovascular components to each other and 

6 other structures located in this area.

7 STUDY DESIGN: Descriptive anatomical study.

8 METHODS: Paired cadaver hind limbs from 15 horses were dissected from the distal tibia to 

9 the metatarsophalangeal joint. Deep branch of the lateral plantar nerve (DBLPN) length, 

10 location of its origin from the lateral plantar nerve (LPN), individual DBLPN ramifications 

11 into the suspensory ligament (SL) and relationship of the DBLPN to the plantar arch and 

12 accessory ligament of the deep digital flexor tendon (ALDDFT) were recorded.

13 RESULTS: Mean DBLPN length was 5.8 ± 1.7 cm with the nerve arising 3.7 ± 1.5 cm proximal 

14 to the head of the fourth metatarsal bone (MTIV).  There was a median of 3 individual DBLPN 

15 ramifications (range 2-6) entering the SL.  There were no significant left/right differences.  In 

16 57% (CI 39-74%; n=17) limbs, the deep plantar arch was superficial to the DBLPN whereas in 

17 33% (CI 16-50%; n=10) limbs the DBLPN passed between the venous and arterial components 

18 of the arch.  In 10% (CI 1-20%; n=3) limbs the deep plantar arch was deep to the DBLPN.  In 

19 67% (CI 50-84%; n=20) limbs the DBLPN was superficial to the ALDDFT where in 33% (CI 

20 16-50%; n=10) limbs the nerve ran deep to the ALDDFT.  An additional branch from the LPN 

21 was noted in one limb.  

22 MAIN LIMITATIONS: Limbs were used from horses with unknown clinical history.
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23 CONCLUSIONS: Anatomical variation, in particular the relationship of the DBLPN and deep 

24 metatarsal fascia to the deep plantar arch and the ALDDFT is an important consideration when 

25 undertaking surgical approaches to the proximal plantar metatarsal region.
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43 INTRODUCTION

44 An understanding of the neurovascular anatomy of the proximal plantar metatarsal region of 

45 the horse is important when considering surgical management of conditions associated with 

46 that region.  The deep branch of the lateral plantar nerve (DBLPN), arising from the lateral 

47 plantar nerve (LPN), provides innervation to the suspensory ligament (SL) as well as 

48 contributing to the lateral and medial plantar metatarsal nerves.1 The length of the DBLPN 

49 from its origin and subsequent ramification has been described in 10 cadaver limbs with a 

50 second branch noted in one specimen.2 This study also described the DBLPN as passing 

51 immediately deep to transverse vascular bundle, known as the deep plantar arch, in all samples 

52 studied.  The deep plantar arch (NAV arcus plantaris profundus) is formed from the union of 

53 the perforating tarsal artery with the plantar arteries, with the plantar veins forming a 

54 corresponding venous arch from the anastomoses of lateral and medial plantar vessels.1 

55 However, variation of the vascular elements in the region has received less attention and this 

56 with nerve variation, if present, could be important considerations in surgery.  

57

58 Removal of a section of the DBLPN with or without sectioning of the deep metatarsal fascia 

59 (fasciotomy) has been described as an effective treatment for desmitis of the proximal portion 

60 of the SL. 3-5  The rationale for neurectomy is based on the presence of compressive damage to 

61 the DBPLN in clinical cases, as described by Toth et al.,6 but also possibly through inducing 

62 local neurogenic atrophy of remaining muscle fibres in the proximal portion of the SL as 

63 documented in the fore limb.7 Fasciotomy of the deep metatarsal fascia on the plantar aspect 

64 of the SL is often combined with neurectomy in a bid to relieve pressure to the adjacent SL, 

65 akin to releasing procedures in compartment-like syndrome.6,8 Often this procedure is 

66 performed blind in a proximal-to-distal direction using scissors or a fasciotome, although the 
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67 proximity of this fascia to other nearby structures such as the accessory ligament of the deep 

68 digital flexor tendon (ALDDFT) or the deep plantar arch as well as the SL may not be 

69 appreciable during surgery, thereby risking iatrogenic injury.3

70

71 The aims of this study were to describe and characterise the neurovascular anatomy of the 

72 plantar metatarsal region and to document variations present in the relationship of the 

73 neurovascular components to each other and other structures located in this area. Our 

74 hypothesis was that neurovascular anatomy of the proximal plantar metatarsal region was 

75 comparable in horses and between limbs.

76

77 MATERIALS AND METHODS

78 Paired cadaver hind limbs were used from 15 similar sized horses (n=30 limbs) of unknown 

79 history and euthanized for reasons unrelated to this project.  Limbs were sectioned 

80 approximately 30cm proximal to the point of the calcaneus. Samples used in this study were 

81 acquired as a by-product of the agricultural industry and utilised within Institute Ethical 

82 Approval RETH000553 (approval date 02.07.2015). Limbs were dissected from the distal tibia 

83 to the level of the metatarsophalangeal joint.  To access the deeper plantar metatarsal structures, 

84 the superficial digital flexor tendon (SDFT) and deep digital flexor tendon (DDFT) were 

85 sectioned and reflected in a proximal and distal direction. 

86

87 The prominence of the head of the fourth metatarsal bone (MTIV) was taken as a fixed 

88 reference point (based on previous work)2 with the distance proximal or distal to this recorded 

89 for the following variables: location of bifurcation of DBLPN from LPN and distance to the 
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90 proximal border of the deep metatarsal fascia. Other data recorded were number of nerve 

91 branches from the LPN, length of DBLPN (measured from its origin from the LPN to its entry 

92 into the SL)2 and number of individual DBLPN ramifications on entry into the SL. In addition, 

93 the relationship of the DBLPN to the position of the deep plantar arch and accessory ligament 

94 of the deep digital flexor tendon (ALDDFT) was described.  Data were recorded as mean (± 

95 SD) or median (plus range) with 95% confidence intervals reported for sample proportions. 

96 Paired student’s t-test was used to test left/right differences with significance level of P<0.05.

97

98 RESULTS

99 All limbs contained a DBLPN with no evidence of previous surgical intervention.  In addition, 

100 no adhesions or other gross pathology were noted in the samples evaluated.   Mean DBLPN 

101 length was 5.8. ± 1.7 cm with a mean distance from the head of MTIV (proximally) to 

102 bifurcation from the LPN of 3.7 ± 1.5 cm. There was a median of 3 individual DBLPN 

103 ramifications (range 2-6) entering the SL (Figures 1 and 2). The distance from head of MTIV 

104 to the proximal border of the deep metatarsal fascia was 2.4 ± 0.5 cm.  There were no significant 

105 left/right differences recorded for these data (all P > 0.05).  In all samples the deep plantar arch 

106 coursed just proximal to the proximal border of the deep metatarsal fascia.

107

108 In 57% (CI 39-74%; n=17) of samples the deep plantar arch coursed over the DBLPN whereas 

109 in 33% (CI 16-50%; n=10) of cases the DBLPN passed superficial to the venous but deep to 

110 the arterial components of the deep plantar arch.)  In 10% of limbs (CI 1-20%; n=3) the DBLPN 

111 ran superficial to all components of the deep plantar arch (Figure 3).  Comparing left to right, 

112 only 40% (CI 15-65%; n=6) pairs showed the same relationship of the DBLPN to the deep 

113 plantar arch in both hind limbs. 
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114

115 The relationship of the DBLPN to the ALDDFT revealed that in 67% (CI 50-84%; n=20) of 

116 samples, the DBLPN was superficial to the ALDDFT.  In 33% limbs (CI 16-50%; n=10) the 

117 DBLPN coursed deep to the ALDDT. In 60% (CI 35-85%; n=9) pairs the relationship of the 

118 DBLPN and the ALDDFT was the same in the left and right limb.

119

120 In only one limb an additional branch from the LPN was noted with the ALDDFT positioned 

121 between the two branches (Figure 4). Finally, in one limb a substantive ALDDFT obscured the 

122 proximal margin of the SL fascia and plantar arch (Figure 5a and b).

123

124 DISCUSSION

125 Despite being often reported in the digit as a possible reason for poor response to local 

126 anaesthesia or following neurectomy,9-12 there was little nerve variation of the DBLPN in the 

127 present study. The majority of limbs (97%; 29/30) contained only one DBLPN, similar to that 

128 reported in 90% (9/10) of cadaver limbs and in 95% of clinical cases at surgery.2,3  The DBPLN 

129 consistently provides exclusive innervation to the proximal portion of the suspensory ligament 

130 and therefore correct identification and removal of a section of the DBPLN should lead to 

131 successful neurectomy to the proximal portion of the SL.1,3-5  

132

133 The relationship of the DBLPN to the deep plantar arch, however, varied between horses and 

134 also between limbs unlike previously reported where the entry of the DBLPN into the proximal 

135 portion of the SL was always deep to the plantar arch.2 The most common relationship (~60%) 

136 was that the nerve coursed deep to the deep plantar arch although in one-third of limbs the 
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137 nerve ran between the arterial and venous components of the arch.  In only three limbs (10%) 

138 did the nerve run superficial to the deep plantar arch.  Since the level of the deep plantar arch 

139 appeared close to where the DBLPN ramified into the SL and with the site for neurectomy of 

140 the nerve commonly proximal to this, the nerve should be able to be accessed and removed 

141 safely without compromise to the vessels, although in in vivo, engorgement of the vessels could 

142 potentially hinder this.

143

144 A more pressing concern is safe access to the deep metatarsal fascia; this study highlighted the 

145 proximity of the deep plantar arch to the proximal border of the deep metatarsal fascia and the 

146 influence of the location of the ALDDFT in visualising the area.  In one specimen in particular, 

147 a substantive ALDDFT lay over the proximal margin of the deep metatarsal fascia and the deep 

148 plantar arch (Figure 5a and b).  Although the DBLPN could be located branching normally 

149 from the LPN and ran along the lateral margin of the ALDDFT, the nerve then ran under the 

150 ALDDFT and plantar arch before entering the SL. Removal of a portion of nerve should still 

151 be achievable, however, the size and location of the ALDDFT in this specimen would make 

152 sectioning of the deep metatarsal fascia very difficult to achieve. In this scenario there may 

153 also be increased risk of iatrogenic damage to the deep plantar arch as well as the ALDDFT.  

154 Iatrogenic damage is clearly an undesirable surgical outcome and could result in post-operative 

155 morbidity (for example haemorrhage, swelling, surgical site infection, adhesion formation, 

156 recurrent lameness). Post-operative damage to the SL has been reported by Dyson and Murray3 

157 and adhesion formation has also been described both pre- and post-operatively between the SL 

158 and ALDDFT in cases refractory to surgical management.14  The use of a fasciotome rather 

159 than scissors was noted to result in less iatrogenic trauma to the SL although this did not prevent 

160 injury per se.13 
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161

162 Limitations of this study include the lack of clinical history of the horses the specimens were 

163 obtained from, although no gross abnormalities or evidence for previous surgical intervention 

164 was noted. Additional samples could also augment the findings presented in this study. 

165

166 In conclusion, anatomical variation, in particular the relationship of the DBLPN to the plantar 

167 arch and ALDDFT, is an important consideration when undertaking surgical approaches to the 

168 proximal plantar metatarsal region in the horse. A note of caution should also be struck from 

169 the lack of comparability between paired limbs, as highlighted in this study, particularly where 

170 bilateral surgical procedures are commonly performed. Operators should consider that 

171 anatomical arrangement in one limb is not a reflection of the other and that each limb should 

172 be considered independent in this matter.

173
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218 Figure Legends

219 Figure 1

220 Example showing the location of the deep branch of the lateral plantar nerve (DBLPN) and its 

221 branches deep to the deep plantar arch in the left hind limb.  The limb is orientated as though 

222 the horse were in dorsal recumbency. Lateral is to the left and distal is to the top of the image. 

223 LPN = lateral plantar nerve, SL = suspensory ligament. Scale bar = 5mm. This image has been 

224 reversed for comparative purposes.

225 Figure 2
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226 Example showing the course of the deep branch of the lateral plantar nerve (DPBLN) in the 

227 right hind limb after the deep plantar arch has been cut, showing the relationship of the nerve 

228 to the accessory ligament of the deep digital flexor tendon (ALDDFT) and proximal margin of 

229 the deep metatarsal fascia. The limb is orientated as though the horse were in dorsal 

230 recumbency.  Lateral is to the left and distal is to the top of the image. LPN = lateral plantar 

231 nerve. Scale bar = 5mm. 

232 Figure 3

233 Example showing the deep branch of the lateral plantar nerve (DBLPN) and its branches 

234 superficial to the deep plantar arch in the right hind limb. The limb is orientated as though the 

235 horse were in dorsal recumbency.  Lateral is to the left and distal is to the top of the image. a = 

236 artery, v = vein, SL = suspensory ligament, Scale bar = 5mm.

237 Figure 4

238 Example showing an additional branch from the lateral plantar nerve (LPN) coursing distal and 

239 superficial to the accessory ligament of the deep digital flexor tendon (ALDDFT) in the left 

240 hind limb. The main deep branch of the LPN (DBLPN) courses deep to the ALDDFT. This 

241 additional branch was absent in the contralateral limb.  The limb is orientated as though the 

242 horse were in dorsal recumbency. Lateral is to the left and distal is to top of the image. a = 

243 artery, v = vein. Scale bar = 5mm. This image has been reversed for comparative purposes.

244 Figure 5

245 The accessory ligament of the deep digital flexor tendon (ALDDFT) in this example in the 

246 right hind limb covered the deep plantar arch and the proximal border of the deep metatarsal 

247 fascia as shown before (a) and after reflection of the ALDDFT (b). The position of the 

248 ALDDFT would make the approach to sectioning the deep metatarsal fascia difficult and 

249 increase the risk of iatrogenic damage to the deep plantar arch. The limb is orientated as though 
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250 the horse were in dorsal recumbency.  Lateral is to the left and distal is to the top of the image. 

251 DBLPN = deep branch of the lateral plantar nerve, DDFT = deep digital flexor tendon, LPN = 

252 lateral plantar nerve, a = artery, v = vein. Scale bar = 5mm.
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Figure 1Example showing the location of the deep branch of the lateral plantar nerve (DBLPN) and its 
branches deep to the deep plantar arch in the left hind limb.  The limb is orientated as though the horse 

were in dorsal recumbency. Lateral is to the left and distal is to the top of the image. LPN = lateral plantar 
nerve, SL = suspensory ligament. Scale bar = 5mm. This image has been reversed for comparative 

purposes. 

256x330mm (38 x 38 DPI) 
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Figure 2 
Example showing the course of the deep branch of the lateral plantar nerve (DPBLN) in the right hind limb 

after the deep plantar arch has been cut, showing the relationship of the nerve to the accessory ligament of 
the deep digital flexor tendon (ALDDFT) and proximal margin of the deep metatarsal fascia. The limb is 

orientated as though the horse were in dorsal recumbency.  Lateral is to the left and distal is to the top of 
the image. LPN = lateral plantar nerve. Scale bar = 5mm. 
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Figure 3 
Example showing the deep branch of the lateral plantar nerve (DBLPN) and its branches superficial to the 

deep plantar arch in the right hind limb. The limb is orientated as though the horse were in dorsal 
recumbency.  Lateral is to the left and distal is to the top of the image. a = artery, v = vein, SL = 

suspensory ligament, Scale bar = 5mm. 
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Figure 4Example showing an additional branch from the lateral plantar nerve (LPN) coursing distal and 
superficial to the accessory ligament of the deep digital flexor tendon (ALDDFT) in the left hind limb. The 

main deep branch of the LPN (DBLPN) courses deep to the ALDDFT. This additional branch was absent in the 
contralateral limb.  The limb is orientated as though the horse were in dorsal recumbency. Lateral is to the 
left and distal is to top of the image. a = artery, v = vein. Scale bar = 5mm. This image has been reversed 

for comparative purposes. 

197x318mm (38 x 38 DPI) 
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Figure 5 
The accessory ligament of the deep digital flexor tendon (ALDDFT) in this example in the right hind limb 
covered the deep plantar arch and the proximal border of the deep metatarsal fascia as shown before (a) 
and after reflection of the ALDDFT (b). The position of the ALDDFT would make the approach to sectioning 
the deep metatarsal fascia difficult and increase the risk of iatrogenic damage to the deep plantar arch. The 
limb is orientated as though the horse were in dorsal recumbency.  Lateral is to the left and distal is to the 
top of the image. DBLPN = deep branch of the lateral plantar nerve, DDFT = deep digital flexor tendon, LPN 

= lateral plantar nerve, a = artery, v = vein. Scale bar = 5mm. 
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referring veterinary surgeons,

not applicable

25 The methods must explain how the content of informal follow-up NA

26 Clearly identify all statistical methods used. Line nos 93-94
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27 Where more than one statistical method  is used, state clearly
which method is used for each comparison. NA

28
Confirm that you have names the software and version,
including manufacturer (in brackets in text) used for statistical
analysis

not applicable

29 Describe methods used to test the extent to which data conform
to the assumptions of normality NA

30
Describe key assumptionsunderpinning the analyses  and
evidence that these are sufficiently met  (e.g. assumptions of
equal variance etc.)

NA

31 Justify one-tailed assumptions with reference to the hypotheses
of the study NA

32 Describe how multiple comparisions were dealt with NA
33 Describe how clustering of data was ealt with NA

34
Where outcomes are  measured on ordinal scales methods of
analysis must be described.  It is usually not appropriate to treat
them as continuous variables.

NA

35
Identify transformations (e.g. log transformation) that have been
used, and provide evidence that the transformation achieved
the desired effects.

NA

36 Convert transformed results back into the original scale for
reporting. NA

37 Identify and describe all variables available for inclusion in
statistical model(s) NA

38 Describe how continuous variables were treated in the analysis NA

39 Describe whether (and if so, which) interaction terms were
included NA

40 Describe how the final model(s) was determined NA

41 Describe the methods used to calculate test statistics (F test,
likelihood ratio tests etc.) NA

42 Present a general description of the data prior to the results of
statistical tests Line nos 86-93

43 Missing data must be identified, enumerated and explained NA

44 In longitudinal studies (cohort, interventions) baseline
characteristics should be compared between groups NA
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45

For data analysed using parametric methods , you must  mean
and standard deviation or confidence interval. Avoid standard
error of the mean unless the goal is specifically to describe the
precision of the estimate of the mean

NA

46
For data analysed using non-parametric methods, you must
present median and a central range, such as the interquartile
range

NA

47

Other results should be presented as point estimates (such as
prevalence, mean difference, odds ratios etc.) with a measure
of precision, preferrably 95% confidence intervals, ensuring the
direction of any effect is clearly evident.

NA

48 P-values can also be used but are not a substitute for
confidence intervals. Line no. 94

49

P values must be used correctly, bearing in mind that p values
simply define presence or absence of statistical signifiance, but
do not imply importance. P values should always be
accompanied by results to show differences between groups or
comparisons

Line no. 94

50 Confirm non-significant’ findings are not described as ‘trends’ not applicable

51 Where Bayesian methods are used credible intervals should be
presented. NA

52
In studies reporting the difference between groups, present
confidence intervals for these differences rather than the
confidence interval for each group

NA

53 When percentages are contrasted, ensure it is clear whether
absolute and relative differences are being used NA

54 Where sensitivity and specificity are estimated,  confidence
intervals must be included NA

55 Present univariable results using online supplementary material.
Do not over interpret these not applicable

56

Multivariable models must be presented in a table and include
number of observations ,  estimated coefficients, confidence
intervals/standard errors of the coefficients,  and where relevant
odds ratios and  P-values based on appropriate tests

NA
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57

Confirm results are presented to no more than one decimal
place more than the original data; standard deviations or
confidence intervals may need one additional decimal place
(enter yes to confirm)

confirmed

58
Confirm percentages  presented to 1 decimal place or, for
samples of less than 100, no decimal place (enter yes to
confirm)

confirmed

59 Confirm  percentages are not used where there are less than 20
observations (enter yes to confirm) confirmed

60
‘Non-significant’ P-values do not indicate no effect. Confirm they
are not interpreted in this way in the results or discussion (enter
yes to confirm)

confirmed

61 Statistical significance may be different to clinical importance;
confirm this has been considered when results are discussed not applicable

62

Where multiple statistics tests are undertaken the potential
implications in terms of the risk of type I errors should be
discussed. Where appropriate, results should be described as
exploratory rather than confirmatory

NA

63
Statistical association does not provide direct evidence of
causation. Where causation is of interest, other appropriate
evidence should be presented in the discussion.

NA

64 Discuss and robustly defend use of Critically Important
Antimicrobials NA

65

Limitations of the study should be highlighted and results
discussed in light of these. This may include, but is not limited
to: selection and information biases; potential for residual
confounding, impact of loss to follow-up and missing data;
effects of deviation from the assumptions underpinning the
analyses

Line nos.165-167

confirmed confirmednot applicable details  given under  point 12study does not include statistical comparisons or inferences
version 3.2.21
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