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ABSTRACT

Background: The aim of this study was to assess the innervation of the dorsal articular
capsule of the wrist using modified Sihler’s staining.

Materials and methods: Thirty dorsal wrist capsules were collected from 15 donors (both
sides) within 12 hours of death. All the capsules were collected in the same manner — using
the dorsal incision. The specimens were stained according to the protocol of the modified
Sihler’s staining technique. The preserved capsules were analyzed under 8-16x magnification
of an optical microscope for the presence of major nerve trunks, their major and minor
branches, and nerve connections.

Results: The range of innervation visualized was that the posterior interosseous nerve
innervated approximately 60% of the central part; the remaining area was innervated by the
dorsal sensory branch of the radial nerve and medial antebrachial cutaneous nerve. The
constant findings were the branches departing from the ulnar side of the posterior interosseous
nerve and from the radial side, with an exception seen in two cases. A communicans branch
between the posterior interosseous nerve and medial antebrachial cutaneous nerve was seen in
all the specimens. The posterior interosseous nerve innervation extended beyond the level of
the carpometacarpal joints 11-V.

Conclusions: The modified Sihler's staining technique allows for transparent visibility of the

nerves that innervate the dorsal wrist capsule. However, it does not allow as accurate



assessment as does histological examination, especially regarding the evaluation of nerve
endings. Nevertheless, this method provides a significantly larger area of nerve observation
than is provided by histological examination.
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INTRODUCTION

The innervation of the wrist has been a topic of investigation in recent years due to the
growing knowledge of wrist pathologies and their treatment. Studies on nerve endings, such
as mechanoreceptors, have demonstrated additional important functions of the wrist ligaments
in addition to pure stabilization). However, the extent of innervation of the wrist by
individual nerves is yet unclear. Initially, the range of innervation of the wrist was based on
the examination of the nerves and their branches with 3.5x magnification, which was then
replaced by microdissection using a microscope. Histological examinations of the stained
wrist capsule and ligaments have revealed several features in the area of innervation that are
in contrast to the findings of microdissectionst®. Microdissection has made it possible to
visualize nerve branches of much smaller sizes and their penetration of the joints within the
wrist. The purpose of this study was to assess the nerves within the dorsal wrist capsule using

the modified Sihler’s staining technique.

MATERIALS AND METHODS

Thirty dorsal wrist capsules were collected from 15 donors (capsules from both sides)
within 12 hours of death. There were 11 male (22 capsules) and 4 female (8 capsules) wrists.
The age range at death of these cadavers was 33-72 years (mean age 65.7 years). Donors
whose death was caused by polytrauma with associated upper limb injuries were excluded
from the study. The limbs were also checked for the presence of postoperative scars in the
wrist and forearm region, both on the dorsal and palmar sides. If scars were present, the wrist
joint capsules were not collected.

A longitudinal skin incision was made from the proximal 1/3rd of the distal forearm to
the middle of metacarpal bone 111 on the dorsal side. The extensor retinaculum was
completely dissected, exposing the dorsal wrist joint capsule. The distal cutting line of the
capsule was continued along 1 cm above the bases of metacarpal bones 11-V, proximally

along the edges of the distal end of the radius and ulna; the capsule was detached from the



periosteum and dorsal radio-ulnar ligament. A fragment of about 1 cm of the posterior
interosseous nerve (PIN) was excised along with its penetration into the capsule.

The lateral and medial edges were determined by the lateral margin of metacarpal Il
and medial margin of metacarpal V, respectively. The capsules were excised with the
extrinsic ligaments detached off its insertions onto the dorsum of the bones of the proximal
and distal rows with 3.5 loupe magnification. The side of capsule excision was noted. The
proximal part of the excised capsule was determinate by presence of the PIN fragment. The
specimens were washed under running water and then fixed in a 10% un-neutralized formalin
solution for a period of 4 weeks.

The following protocol of staining was applied after 4 weeks of fixation in formalin
221 Maceration in 3% aqueous potassium hydroxide (KOH) solution for 3 weeks, Sihler's
solution I (one volume glacial acetic acid, one volume glycerin, and six volumes 1% w/v
aqueous chloral hydrate) for staining, Sihler's solution Il (one volume stock Ehrlich's
hematoxylin, one volume glycerin, and six volumes 1% w/v aqueous chloral hydrate) for
detaining — each phase for 3 weeks. Lithium carbonate solution 0.05% was then used for
neutralization for 1-2 hours. Finally, dilute 50% glycerin was used for 3 days for clearing the
overstained regions (Won et al. 2011) and all specimens were preserved with 100%
glycerint®®l. The preserved capsules were analyzed under 8-16x magnification with an optical
microscope for the presence of major nerve trunks, their major and minor branches, and nerve
connections. The obtained image from the microscope was manually applied to the joint
capsule diagram, divided into main quadrants and smaller squares with the wrist (right, left)
and sides (radial, ulnar) marked. Each quadrant sustained the 256 small squares (16 rows in
16 columns). Thus the total number of squares in 4 quadrants was 1024. The drawing
obtained by hand was scanned and applied to a computer image with accurate reproduction.
The area of the innervation of dorsal capsule was determined by two lines running parallel to
the long axis of the joint capsule, defined by the outer borders of the furthest reaching and
visible nerve branches. Based on the number of squares occupied by the branches of
individual nerves, it was possible to calculate the percentage of the area of the joint capsule
innervated by a given nerve. The design of this study was approved by our Regional Ethical

Review Board.

RESULTS
The nerves within the 30 wrist capsules in terms of dimensions and course, the number

of main trunks and smaller nerve branches, the place of their crossing and the number of small



nerves forming the dense network differed in all specimens. In all specimens, the PIN with its
branches dominated and covered about 60% of the surface of the articular capsule. This area
was determined by two lines running parallel to the long axis of the joint capsule, defined by
the outer borders of the furthest reaching and visible PIN branches. All the PINs had at least
one large branch on the ulnar side, but most of them had two larger branches (63.3%). Three
branches on the ulnar side were visible in 7 cases (23.3%). Branches on the radial side of the
nerve represented similar proportions, although no larger trunks on the radial side were found
in two of the 30 specimens. In both these cases, the main trunk or two nerve trunks were
clearly passing radially (Fig. 1). Mostly there were two branches (43.3%), but the total share
of the number of nerve trunks with 3 or 4 radial branches was identical (43.3%). In all cases,
one or two small branches were visible, protruding from the nerve on the ulnar side, which
were directed towards the ulnar and distal direction. It was considered that they were branches
connecting to the medial antebrachial cutaneous nerve (MACN), because in the 19 capsules
wherein the MACN nerve trunks were clearly visible, these branches were communicating
with the main trunk of the MACN. The direction of those branches was always the same.
Moreover, in all capsules, there were visible branches that crossed the distal cutting line, in an
amount of 1-5. If there was one branch (2 cases - 6.7%), it ran centrally or slightly radially. In
the case of two branches (8 cases - 26.6%), they constituted the symmetrical endings of the
PIN nerve trunk. In the remaining cases, when there were 3, 4, or 5 branches (20 capsules in
total - 66.7%), they were branches of the main trunk or its larger branches.

All specimens showed a small nerve mesh that occurred symmetrically in 2 cases
(6.7%). In 16 capsules, a larger number of small nerves were on the radial side of the PIN
(78.9%); in the remaining 12 cases (40%), they were on the ulnar side. In the 19 cases where
the MACN was visible, its trunk was slightly smaller than or equal to the PIN. In two cases
where the PIN had two main trunks, the MACN was larger (Fig. 2). In 4 cases (21.1%), two
MACN trunks were present; in the remaining ones, there was one main trunk (15 cases -
78.9%). No major nerve trunks running on the radial border of the PIN were seen. However,
in 15 cases (78.9%), larger branches crossing the radial cutting line were clearly visible,
although they did not show any visible connections with PIN branches. These branches,
probably belonging to the superficial branch of the radial nerve (RNSB), were found in
numbers of 2 in 8 capsules (53.3%) and 3 in 2 capsules (13.4%). In the remaining 5 cases
(33.3%), there was a single larger branch on the same side. The obtained results are presented
in Table 1.



DISCUSSION

The extent of innervation of the wrist by individual nerves is yet unclear. This is likely
because the extent and efficacy of the anatomical examinations keeps changing over time.
Initially, the range of innervation of the wrist was based on the preparation of nerves and their
branches with 3.5x magnification, which was then replaced by microdissection using a
microscope. Histological examinations of the wrist capsule stained using the S-100 method
20 revealed several conflicting features with what was found in microdissections. This was
particularly relevant for the course of the small nerve branches that are invisible during
anatomical preparation, the presence of connections between individual nerves, and the places
of entry of the nerves into the joint capsule or wrist joints. The exact scope of innervation of
the wrist was particularly important in wrist denervation procedures, which are symptomatic
treatments for patients experiencing pain originating from a joint. To avoid undesired
denervation of other structures, the knowledge of the specific innervation of the joint was
essential.

Sihler's stain is a whole mount nerve staining technique that renders other soft tissues
translucent or transparent while staining only the nerves 1. Wu and Sanders 241?51 were the
first to apply the modified Sihler's staining technique to investigate the supply patterns of the
laryngeal nerves. Liu et al. X% were the first to use Sihler's stain to determine the
intramuscular nerve supply of the long head of the triceps muscles in rabbits. Several further
studies on the innervation of limb and trunk muscles in humans and monkeys were then
carried out in subsequent years 121 [101 [131 [141 [23] "sing Sihler's stained human fetal
specimens, Peker et al. [**! investigated the relations between the shape of skeletal muscles
and their nerve distribution patterns. To our knowledge, the modified Sihler’s staining
technique has never been used to qualitatively assess the course of nerves in the wrist capsule.
Our study enabled the visualization of nerve branches inside the joint capsule that would not
be visible during dissection, even at high magnification.

Many studies show that the main innervation of the wrist from the dorsal comes from
the PIN [11 [21 31 191 [51 [6] [7] [8] 1251 (211 A]] the above mentioned studies were based on the
preparation of nerve branches or those visible during surgery. In our study, it was possible to
determine the range of innervation ratio of the entire joint capsule based on the actual image.
Approximately 60% of the central part of the capsule is supplied by the PIN, radial part by the
RNSN (approximately 15%) and the MACN innervates approximately 25% of the capsule
from the ulnar side. However, the technique we used does not allow us to determine where the

innervation ranges overlap (Fig. 3). Another important finding of this study is that the



terminal branches crossing the distal line incision were found to be fairly consistent; the
incision was performed 1 cm distal to the carpometacarpal (CMC) joints 11-V (Fig. 4).

Only in 2 of the 30 specimens was only one branch noted; in the remaining specimens,
the number of branches varied from 2 to 5, on average 3.6 per capsule. In our specimens,
these branches were crossing the cutting line, which did not show the presence of the small
end branches. We therefore reached the conclusion that these are not the branches ending in
and innervating the CMC joints. Dellon et al. [ dissected the PIN and its branches in 10
cadavers; they showed that in 2 of the 10 cadavers, the terminal branches of the PIN appeared
to extend to the metacarpophalangeal (MCP) joints, traveling in the deep fascia overlying the
interosseous muscles. The methodology of our study did not allow the conclusion that all of
these branches innervate the MCP joints, but the number of PIN nerve branches that run
through the metacarpals was undoubtedly greater. McCarthy et al. 7 showed that 14 of 41
(34%) specimens in which the 3.5x magnification of PIN dissection was performed, had
innervations of terminal branches that included the CMC joints, the interossei, and the
metacarpal periosteum. They also observed three levels of innervation that were present in
most specimens: radiocarpal, midcarpal, and terminal branches. However, only fourteen of
their specimens had innervations at all three levels. The present study shows that range of PIN
innervation reaches beyond the CMC joint’s line, which is more distal than the central two-
thirds of the posterior wrist joint; this is similar to what was reported by Lin et al®l,

We realize that there are several limitations to this technique of staining. This method
does not enable distinction between sensory and motor neurons, provides less detailed
information concerning the relations of the nerve terminal structures, and is time consuming.
In addition, differences in staining quality may be seen depending on the thickness and size of
the specimen as well as consequent to inaccurate solution changes during the decalcification
and clearing steps [*8l. However, in our opinion, it can be considered as an interesting
supplement to the assessment of the nerves within the wrist capsule along with previously
used methods of preparation or histological staining.

CONCLUSIONS

Modified Sihler's staining allows the clinician to obtain a wider picture of the range of
innervation of the wrist joint capsule, much larger than when preparing individual nerves. It
provides the opportunity to visualize nerves with much smaller cross sections, smaller than

those obtained during microdissection. However, it does not allow assessment as accurate as



that possible with histological examination, especially in evaluation of the nerve endings, but

it provides a significantly larger area of nerve observation.
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Table 1A. Quantitative analysis of the interosseous nerve and its branches based on

measurements of 30 joint capsules.

Nerve Amount percentage
posterior

interosseous nerve |30 100%
radial branch 28 93%

0 2 6,70%
1 2 6,70%
2 13 43,30%
3 6 20%

4 7 23,30%
ulnar branch 30 100%

1 4 13,30%
2 19 63,30%
3 7 23,30%
terminal branches

(crossing distal line | 30 100%
incision)

1 2 6,70%
2 8 26,60%
3 7 23,30%
4 8 26,70%
5 5 16,70%




majority of small | very numerous

branches side nerve networks |100%
equal 2 6,70%
radial 16 53,30%
ulnar 12 40%

Table 1B. Medial antebrachial cutaneous nerve was present in 19 of 30 wrist capsules. The
was constant communicants branch departing from ulnar side of the posterior interosseous

nerve running in ulnar and distal direction.

Nerve Amount percentage
medial antebrachial

cutaneous nerve 19 63,30%

1 15 78,90%

2 4 21,10%
ramus

communicans 30 100%

Table 1C. Main trunk of the radial sensory branch was not seen in any specimens.
Quantitative analysis of radial branches passing the radial border of the capsule, with no

visible connection with branches of posterior interosseous nerve.

Nerve Amount percentage

superficial branch
of radial nerve 0 0%

ramus on the radial

border 15 43 30%
1 5 33,30%
2 8 53,30%

3 2 13,40%




Figure 1. Dorsal wrist capsule right hand in Sihler’s staining technique. Main trunk of the
posterior interosseous nerve (arrow) has no branches on the radial side and turns toward the

radial side of the capsule.

Figure 2. Dorsal wrist capsule right hand in Sihler’s staining technique. Main trunk of the
posterior interosseous nerve ( thick arrow), main trunk of the medial antebrachial cutaneous

nerve (MACN) ( thick arrow). Communicans branch between both nerves (dotted arrow).

Figure 3. Innervation of dorsal aspect of wrist joint. This drawing presents a global overview
of innervation and does not show the exact range and possible overlapping. The area of
posterior interosseous nerve innervation was determined by two lines running parallel to
extend the long axis of the joint capsule, defined by the outer borders of the furthest reaching
and visible posterior interosseous nerve branches (arrows).

1. posterior interosseous nerve innervation area

2. dorsal branch of the ulnar nerve innervation area

3. superficial branch of radial nerve innervation area

Figure 4. Dorsal wrist capsule left hand in Sihler’s staining technique. Two terminal branches
(‘arrows) of the posterior interosseous nerve crossing the distal border ( white area) of the

capsule.















