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ABSTRACT

Objective: The aim of this study was to provide anatomic considerations in the first metatarsophalangeal joint (FMPJ)
innervation and to evaluate the feasibility of the denervation surgery in the treatment of hallux rigidus.

Methods: In this cadaveric study, 14 fresh frozen cadaveric transtibial amputation specimens was used. For nerve dissection,
dorsal and plantar longitudinal incision centered over the FMP] were performed. Deep peroneal and dorsomedial cutaneous
nerves were dissected in the dorsal aspect of the joint. Medial plantar nerve branches, medial and lateral hallucal nerves, were
dissected in the plantar aspect of the joint. The presence, number, and location of articular branches to the FMPJ capsule were
recorded. Dorsal and plantar incision length for proper dissection were also recorded.

Results: Nerve dissection of the 14 specimens revealed the following number of articular branches from the relevant nerves: 14
from dorsomedial cutaneous nerves, 11 from deep peroneal nerves, 6 from medial hallucal nerve, and 5 from lateral hallucal
nerve. Dorsal incision mean length was 60.53 (range, 42.48-85.12) mm, and the plantar incision mean length was 88.08 (range,

77.32-111.21) mm.

Conclusion: Evidence from this study has shown that partial dorsal denervation of the FMP] may be a technically feasible
procedure along with the presence of superficially easily dissected nerves with relatively small incision.

Level of Evidence: Level 5

Introduction

Hallux rigidus is one of the most common forms of
degenerative arthritis of the foot and ankle." The
main findings of hallux rigidus are pain, limitation
of the joint’s range of motion and progressive osteo-
phyte formation at the first metatarsophalangeal
joint (FMP]).** Arthrodesis of FMP] is the most com-
monly preferred surgical treatment modality, espe-
cially in advanced cases.* Although, it is highly
effective for pain control, arthrodesis is associated
with drawbacks such as loss of joint motion, dimin-
ished gait efficiency, limitations in sports and shoe
choice.”®

Peripheral articular denervation has been proposed
as an alternative treatment for degenerative arthri-
tis. The concept of denervation was originally pro-
posed in 1933 by Camitz for the treatment of
chronic hip arthritis.” There are several advantages
of denervation over arthrodesis or arthroplasty. For
example, joint integrity is preserved, muscle func-
tion remains unaffected, no implants/foreign mate-
rials are required, postoperative immobilization is
not necessary, operation can be performed simul-
taneously with other operations, the method is
technically simple, inexpensive, and with low

risk, all alternatives such as arthrodesis or arthro-
plasty remain possible for future and the results
can be reliably anticipated by preoperative nerve
block tests.® In previous studies, denervation sur-
gery has been shown satisfactory clinical results in
the treatment of painful arthritis of the wrist, me-
tacarpophalangeal joint, patellofemoral joint, facet
and sacroiliac joints, midtarsal and tarsometatarsal

joints and the ankle.®'*

An anatomical study about innervation of the foot
joints was published by Gardner and Gray in 1968.
In their study, they defined FMPJ innervation that was
supplied by several nerve’s articular branches. Dorsal
innervation supplied by articular branches of Dor-
somedial Cutaneous Nerve (DMCN) medially and
Deep Peroneal Nerve (DPN) articular twigs laterally.
Plantar innervation was supplied by articular
branches of medial plantar nerve medial and lateral
hallucal branches (Figure 1)."°

To the best of our knowledge, there has been no study
evaluating the innervating of FMPJ and the feasibility
of surgical denervation. The aim of this study is to
examine the innervation of FMPJ and to evaluate the
feasibility of surgical denervation using standard sur-
gical approach.
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Figure 1. Schematic representation of dorsal and plantar innervation of the foot joints, redrawn according to the study of Gardner and Gray.*®
DMCN, Dorsomedial Cutaneous Nerve; DPN, Deep Peroneal Nerve, IDCN; Intermediate Dorsal Cutaneous Nerve; ADPN, Accessory Deep Peroneal Nerve; LDCN, Lateral Dorsal Cutaneous Nerve; MPN, Medial Plantar Nerve;

LPN, Lateral Plantar Nerve.

Materials and Methods

In this study, 14 fresh frozen cadaveric transtibial amputation speci-
mens from 14 cadaver were selected and stored at —20 °C. The speci-
mens were thawed at room temperature and prepared. Of the 14
specimens, nine were right feet and five were left. Eleven of the
specimens were of male and three were of female. The mean age at
death was 66 (range, 52—75) years.

Dorsal and plantar longitudinal incisions which centered on the
FMP] were used for nerve dissection. The deep peroneal nerve,
dorsomedial cutaneous nerve and articular branches of these nerves
were dissected from the dorsal incision. Medial and lateral hallucal

HIGHLIGHTS

Denervation surgery is an alternative treatment option for painful
degenerative osteoarthritis.

Dorsal sensorial nerves of the first metatarsophalangeal joint are
superficial, easy to approach and identify through a standard dorsal
incision.

Partial dorsal denervation of metatarsophalangeal joint is technically
feasible.

nerves and the articular branches of these nerves were dissected from
the plantar incision. The nerves were identified proximally, and the
nerves and their branches were carefully dissected in a proximal to
distal direction by 4.5X loupe magnification. All dissections were
carried out by same experienced foot and ankle surgeon.

Approximately, 5 cm longitudinal skin incisions were made, which
were centered on the FMPJ from both plantar and dorsal sides. The
incisions were extended until adequate identification and dissection
were achieved. The musculotendinous junction of Extensor Hallucis
Brevis (EHB) muscle was used as a landmark to identify DPN proxi-
mally. The nerve was found beneath to EHB musculotendinous
junction.” The Extensor Hallucis Longus (EHL) tendon was used as
a landmark to identify DMCN proximally. The nerve was found at the
medial side of EHL tendon."” Flexor Hallucis Longus (FHL) tendon was
used as a landmark for Medial Hallucal Nerve (MHN) and Lateral
Hallucal Nerve (LHN) dissections. The nerves were identified on the
medial and lateral sides of the FHL tendon proximal to FMPJ, respec-
tively. The dissections were terminated at the distal end of the FMPJ
capsule. The presence and location of articular branches in the FMPJ
joint were identified by the use of surgical loupes. A digital caliper was
used for distance measurements (Insize® 1103-150, resolution: 0.01 mm,
accuracy: +0.02 mm). The measurements were recorded according to
the x-y plane which was centered on FMP]J. After the measurements, all
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articular branches of the nerves were excised and sent to pathology
laboratory for histological confirmation. Finally, the lengths of both
incisions were measured and recorded.

Statistical analysis

Statistical analyses were performed by SPSS for Windows 15.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Descriptive statistics were used
to report the identification rates and capsular entry to joint center
distance of the articular branches of the nerves. The Kolmogorov-
Smirnov test was to verify the normal distribution and homogeneity
of the dorsal and the plantar incision lengths. These data distributions
were normal and compered using the student’s t-test.

Results

In all specimens, a definite articular branch of DMCN was identified.
The articular branch of the DPN was found in 11 (78.5%) of the 14
samples. Articular branches of the LHN were identified in five (36%)
and MHN in six (42.9%) of all the specimens. Histological examina-
tion of the tissues confirmed that all of the samples identified as
article branches of the nerves were nerve tissues (Figures 2 and 3).

All of the articular branches of the DMCN were located on the medial
side of the FMPJ. In four samples (29%), capsular entry of the articular
branches of the DMCN was located distal to the joint line and for the
rest of all (71%) the entry points were located proximal to the joint
line. All of the articular branches of the DPN were located on the
lateral side of the FMPJ. In two samples (18%), capsular entry point of
the articular branches of the DPN was located distal to the joint line
and for the rest of all (82%) the entry point was located proximal to the
joint line. The detail of the distance between capsular entrance of the
articular nerves and the joint line is given in Table 1. The approximate
capsular entry point of the articular branches of the dorsal nerves is
shown in Figure 4.

All the identifiable articular branches of LHN and MHL were observed
to be entering the plantar capsule proximal to the joint line. The entrance
points of the plantar nerves were closer to center of the joint in the
medial lateral plane than the dorsal nerves. The details are given in
Table 1.

Figure 2. A left foot.

Notes: Skin and subcutaneous fat tissue were removed. Dorsal innervation of the first metatarsophalangeal
joint. The capsular entrances of the articular branches are shown by asterisks. The hypodermic needle
indicates the joint line.Abbreviations: DMCN, Dorsomedial Cutaneous Nerve; DPN, Deep Peroneal Nerve.

Figure 3. A left foot.

Notes: Skin, subcutaneous fat tissue, and plantar fascia were removed. Plantar innervation of the first
metatarsophalangeal joint. The capsular entrances of the articular branches are shown by asterisks. The
hypodermic needle indicates the joint line. LHN, Lateral Hallucal Nerve; MHN, Medial Hallucal Nerve.

The mean length of the incision for adequate nerve dissection is
longer on the plantar side (P = 0.001). Plantar incision length mean
was 60.53 (+16.53, range, 42.21-90.72), while the mean dorsal inci-
sion length was 88.08 (+11.23, range, 75.43—-111.23) mm. The details
are given in Table 1.

Discussion

To the best of our knowledge, there has been no anatomical study on
the innervation of FMPJ. The results of this study confirmed that the
partial dorsal denervation of FMP]J is feasible due to the fact that the
dorsal sensitive nerves are superficial, easy to identify and reach via
standard dorsal surgical approach.

In 1968, Gardner and Gray published a study about the innervation of
foot joints, in which five fetal feet were examined. They stated that
FMPJ innervation supplied by articular branches of DPN, DMCN and
medial plantar nerve hallucal branches. However, there was no de-
tailed information about the percentage of the presence of articular
branches in their study.” In this study, the articular branches of
DMNC were identified in all samples. It was 78.5% for DPN, 42.9%
for medial hallucal nerve and 36% for lateral hallucal nerve. The
anatomical variations might be the reason for the absence of articular
branches of the nerves in each sample. And also, we think that the use
of standard surgical approach, rather than anatomical dissection
approach for identification of the nerves, may be another reason. In
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Table 1. Summary of the Study

DMCN DPN MHN LHN Incision Length

Specimen No. PDD MLD PDD MLD PDD MLD PDD MLD D P

1 5.84 3.65 —6.03* 7.67 5.28 2.85 7.14 3.37 50.23 82.31
2 —8.99*% 4.33 5.46 9.34 - - 6.37 2.44 80.13 101.65
3 —4.22% 4.78 5.86 5.66 - - - - 45.67 75.87
4 4.37 5.23 - - 9.27 1.34 12.93 3.48 60.56 94.52
5 6.1 2.2 —2.34* 13.44 - - - - 56.34 89.69
6 4.7 4.62 3.97 3.73 - - 5.88 2.35 49.45 97.48
7 7.92 3.65 0.54 8.44 - - - - 78.32 87.82
8 7.96 2.52 2.45 9.21 3.13 2.67 - - 42.48 99.51
9 8.72 1.92 6.44 5.34 . = N - 64.72 77.32
10 5.48 2.63 2.53 3.97 4.59 1.85 N - 49.85 82.81
11 -1.67* 1.43 - - 6.61 3.45 - - 90.72 111.21
12 10.28 2.77 0.78 9.33 3.72 1.87 - - 51.65 78.21
13 3.12 1.34 - - - - 4.71 2.53 85.12 75.43
14 —2.24* 2.23 2.56 2.44 - - - - 42.21 79.32
Mean + SD 3.38 £5.59 3.09 +1.27 2.02+3.71 7.14 +£3.23 5.43 +£2.23 2.33+0.78 7.4+3.21 2.83 £0.54 60.53 £ 16.53 88.08 £ 11.23

Note: All values are given in millimeters.
“Negative values indicate the distal of the joint line.

DMNCG, Dorsomedial Cutaneous Nerve; DPN, Deep Peroneal Nerve; MHL, Medial Hallucal Nerve; LHL, Lateral Hallucal Nerve; PDD, Proximal-Distal Plane Distance to Joint Line; MLD, Medial-Lateral Plane Distance to Joint

Line; D, Dorsal; P, Plantar; SD, Standard Deviation.

Figure 4. A left foot.

Notes: The approximate capsular entry point of the dorsal articular branches. The red dot indicates the center
of the joint. The yellow asterisks indicate the capsular entry of the deep peroneal nerve and the green
asterisks indicate the capsular entry of the dorsomedial cutaneous nerve.

this study, we used the standard surgical approach because one of the
aims of this study is to evaluate the feasibility of surgical denervation
in addition to the evaluation of FMPJ innervation.
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Findings of this study demonstrated that total denervation of FMP]
joint is not feasible. There are several reasons for this. First, it is
technically demanding to dissect plantar nerves, the plantar nerves
are located deeply, and longer surgical incisions are needed for dis-
section. Also, identification rates of the articular branches of the
plantar nerves were lower than the dorsal nerves. Identification of
the dorsal nerves articular branches were easier by relatively smaller
incisions because of the superficial course the nerves. The dorsal
articular branches of the nerves were found in most of the samples
in this study. Therefore, we think that partial dorsal denervation of
FMP]J is technically feasible.

Partial joint denervation surgery was first described for the hip joint
which was then followed by the knee.'®" But partial joint denervation
surgery was popularized by Dellon’s studies. Dellon described partial
denervation first for the wrist, then for the knee, the shoulder, the sinus
tarsi and the carpal-metacarpal joint.**-** In these studies, satisfactory
results were reported by partial joint denervation in patients with
degenerative osteoarthritis. The early symptoms in hallux rigidus are
related to the dorsal side of FMP]. A painful dorsal prominence and
restricted dorsiflexion of the joint are the most common clinical
symptoms.*® Dorsal cheilectomy is a good surgical option with satis-
factory clinical results in early stage of the disease.”**” Although pro-
gression of the arthrosis can be observed radiologically in many
patients after cheilectomy, this does not seem to affect the clinical
outcomes.”® We think that, after retracting the DMNC and DPN, cir-
cular dissection of the FMPJ capsule from the surrounding soft tissues
before the capsular incision can be enough for dorsal denervation. The
current study demonstrated that dorsal denervation can be done with-
out any additional effort during the standard surgical procedure.

There are some limitations of our study. The first limitation is that we
had a small number of cadaveric legs. The use of additional speci-
mens would potentially increase the impact of this study. Second, as
with any cadaveric study, we cannot make definitive claims as to how
this procedure translates into clinical practice. Randomized prospec-
tive studies are needed to answer questions such as the clinical effects
of this procedure on FMPJ diseases or whether partial denervation is
sufficient. Our aim is to be a reference to future clinical studies.
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In conclusion, this cadaveric study demonstrated that partial dorsal
denervation of FMP]J is technically feasible rather than total denerva-
tion and it can be combined with dorsal cheilectomy.

Ethics Committee Approval: Ethical approval was not necessary because the data
were obtained from cadaveric specimens and did not involve any interactions with
human or animal subjects.

Informed Consent: N/A.

Author Contributions: Concept - B.C.; Design - B.C.; Supervision - B.C., EN.K,, G.T.;
Fundings - B.C., EN.K,, G.T.; Materials - B.C., EN.K., G.T.; Data Collection and/or
Processing - B.C., M.K,, EN.K., G.T.; Analysis and/or Interpretation - B.G., M.K., E.N.
K., G.T., LA, B.D; Literature Review - B.C., MK, L.A., B.D.; Writing - B.C., L.A., B.D.;
Critical Review - L.A., B.D.

Conflict of Interest: The authors declare that they have no conflict of interest.

Financial Disclosure: The authors declared that this study has received no financial
support.

References

1. Sidon E, Rogero R, Bell T, et al. Long-termfollow-up of cheilectomy for treat-
ment of hallux rigidus. Foot Ankle Int. 2019;40(10):1114-1121. 10.1177/
1071100719859236

2. Caravelli S, Mosca M, Massimi S, et al. A comprehensive and narrative review
of historical aspects and management of low-grade hallux rigidus: Conservative
and surgical possibilities. Musculoskeletal Surg. 2018;102(3):201-211. 10.1007/
5$12306-018-0530-3

3. Coughlin MJ, Shurnas PS. Hallux rigidus: Demographics, etiology, and radio-
graphic assessment. Foot Ankle Int. 2003;24(10):731-743. 10.1177/
107110070302401002

4. Stevens J, de Bot R, Hermus JPS, van Rhijn LW, Witlox AM. Clinical outcome
following total joint replacement and arthrodesis for hallux rigidus:
A systematic review. /BJS Rev. 2017;5:e2. 10.2106/JBJS.RVW.17.00032

5. Park YH, Jung JH, Kang SH, Choi GW, Kim HJ. Implant arthroplasty versus
arthrodesis for the treatment of advanced hallux rigidus: A meta-analysis of
comparative studies. ] Foot Ankle Surg. 2019;58(1):137-143. 10.1053/].jfas.2018.
08.045

6. Stevens J, Meijer K, Bijnens W, et al. Gait analysis of foot compensation after
arthrodesis of the first metatarsophalangeal joint. Foot Ankle Int. 2017;38:181-
191. 10.1177/1071100716674310

7. Camitz H. Die Deformierende Hiiftgelenksarthritis und Speziell ITHRE Behan-
dlung. Acta Orthop Scand. 1933;4:193-213. 10.3109/17453673308988867

8.  Gohritz A, Dellon AL, Kalbermatten D, et al. Joint denervation and neuroma
surgery as joint-preserving therapy for ankle pain. Foot Ankle Clin. 2013;18
(3):571-589. 10.1016/.fcl.2013.06.007

331

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Laulan J, Marteau E, Bacle G. Wrist osteoarthritis. Orthop Traumatol Surg Res.
2015;101(1):S1-S9. 10.1016/j.0tsr.2014.06.025

Arenas-Prat J. Denervation of the metacarpophalangeal joint. Tech Hand Up
Extrem Surg. 2014;18(4):158-159. 10.1097/BTH.0000000000000057

Xie X, Pei F, Huang Z, et al. Does patellar denervation reduce post-operative
anterior knee pain after total knee arthroplasty?. Knee Surg Sports Traumatol
Arthrosc 2015;23(6):1808-1815. 10.1007/s00167-015-3566-z

JuchJNS, Maas ET, Ostelo RWJG, et al. Effect of radiofrequency denervation on
pain intensity among patients with chronic low back pain: The mint rando-
mized clinical trials. JAMA. 2017;318(1):68-81. 10.1001/jama.2017.7918
Blacklidge DK, Masadeh SB, Lyons MC2nd, Miller JM. A preliminary review of
the use of deep peroneal neurectomy for the treatment of painful midtarsal and
tarsometatarsal arthritis. J Foot Ankle Surg. 2012;51(4):464-467. 10.1053/j.jfas.
2012.02.011

Réhm A, Mentzel M, Scholl H, Apic G, Gebhard F, Giilke J. Midterm results
following denervation of the ankle. Unfallchirurg. 2015;118(7):615-620. 10.
1007/s00113-013-2548-1

Gardner E, Gray DJ. The innervation of the joints of the foot. Anat Rec.
1968;161(2):141-148. 10.1002/ar.1091610201

Loveday DT, Nogaro MC, Calder JD, Carmichael J. Is there an anatomical
marker for the deep peroneal nerve in midfoot surgical approaches? Clin
Anat. 2013;26(3):400-402. 10.1002/ca.22173

Miller RA, Hartman G. Origin and course of the dorsomedial cutaneous nerve
to the great toe. Foot Ankle Int. 1996;17(10):620-622. 10.1177/
107110079601701006

Obletz BE, Lockie LM. Early effects of partial sensory denervation of the hip for
relief of pain in chronic arthritis. ] Bone Joint Surg Am. 1949;31A(4): 805-814.
10.2106/00004623-194931040-00012

Simon L. Partial denervation for pain relief in arthritis of the knee. Orv Hetil.
1951;92(43): 1406-1408.

Dellon AL. Partial dorsal wrist denervation: Resection of the distal posterior
interosseous nerve. | Hand Surg Am. 1985;10:527-533. 10.1016/S0363-5023(85)
80077-0

Dellon AL, Mont MA, Krackow K A. Partial denervation for persistent neuroma
pain after total knee arthroplasty. Clin Orthop Rel Res. 1995;316: 145-150. 10.
1097/00003086-199507000-00020

Dellon AL. Partial joint denervation I: Wrist, shoulder, and elbow. Plast Re-
constr Surg. 2009;123(1):197-207. 10.1097/PRS.0b013e31818cc23f

Dellon AL. Denervation of the sinus tarsi for chronic posttraumatic lateral
ankle pain. Orthopedics. 2002;25: 849-851.

Dellon AL. Volar denervation and osteophyte resection to relieve volar CMC
joint pain. Case Rep Plast Surg Hand Surg. 2017;4(1):13-16. 10.1080/23320885.
2016.1278171

Lucas DE, Hunt KJ. Hallux rigidus: Relevant anatomy and pathophysiology.
Foot Ankle Clin. 2015;20(3):381-389. 10.1016/.fc1.2015.04.001

Nicolosi N, Hehemann C, Connors J, Boike A. Long-termfollow-up of the
cheilectomy for degenerative joint disease of the first metatarsophalangeal
joint. ] Foot Ankle Surg. 2015;54(6):1010-1020. 10.1053/j.jfas.2014.12.035
Walter R, Perera A. Open, arthroscopic, and percutaneous cheilectomy for
hallux rigidus. Foot Ankle Clin. 2015;20(3):421-431. 10.1016/j.fc1.2015.04.005
Feltham GT, Hanks SE, Marcus RE. Age-based outcomes of cheilectomy for the
treatment of hallux rigidus. Foot Ankle Int. 2001;22:192-197. 10.1177/
107110070102200304


https://doi.org/10.1177/1071100719859236
https://doi.org/10.1177/1071100719859236
https://doi.org/10.1007/s12306-018-0530-3
https://doi.org/10.1007/s12306-018-0530-3
https://doi.org/10.1177/107110070302401002
https://doi.org/10.1177/107110070302401002
https://doi.org/10.2106/JBJS.RVW.17.00032
https://doi.org/10.1053/j.jfas.2018.08.045
https://doi.org/10.1053/j.jfas.2018.08.045
https://doi.org/10.1177/1071100716674310
https://doi.org/10.3109/17453673308988867
https://doi.org/10.1016/j.fcl.2013.06.007
https://doi.org/10.1016/j.otsr.2014.06.025
https://doi.org/10.1097/BTH.0000000000000057
https://doi.org/10.1007/s00167-015-3566-z
https://doi.org/10.1001/jama.2017.7918
https://doi.org/10.1053/j.jfas.2012.02.011
https://doi.org/10.1053/j.jfas.2012.02.011
https://doi.org/10.1007/s00113-013-2548-1
https://doi.org/10.1007/s00113-013-2548-1
https://doi.org/10.1002/ar.1091610201
https://doi.org/10.1002/ca.22173
https://doi.org/10.1177/107110079601701006
https://doi.org/10.1177/107110079601701006
https://doi.org/10.2106/00004623-194931040-00012
https://doi.org/10.1016/S0363-5023(85)80077-0
https://doi.org/10.1016/S0363-5023(85)80077-0
https://doi.org/10.1097/00003086-199507000-00020
https://doi.org/10.1097/00003086-199507000-00020
https://doi.org/10.1097/PRS.0b013e31818cc23f
https://doi.org/10.1080/23320885.2016.1278171
https://doi.org/10.1080/23320885.2016.1278171
https://doi.org/10.1016/j.fcl.2015.04.001
https://doi.org/10.1053/j.jfas.2014.12.035
https://doi.org/10.1016/j.fcl.2015.04.005
https://doi.org/10.1177/107110070102200304
https://doi.org/10.1177/107110070102200304



