Surgical
Technique

Herbert Bone Screv

Scaphoid Fracture




Scaphoid Fractures

Indications for Surgery

It has been shown that rigid internal flxation main-
tains anatomical reduction of the scaphoid without
the need for any external splintage. By avolding the
use of plaster, early (protected) joint mation is
possible. This appears to accelerate bone healing and
leads to rapid functional recovery. At the same time,
the complications of plaster, such as joint stiffness,
osteoporosts, and muscle wasting are avoided.

Thus, internal fixation using the Herbert Bone Screw
is indicated in the treatment of all acute, unstable
fractures (Type B} of the scaphoid, or whenever
prelonged plaster immcbilization is contraindicated.

Similarly, internal fixation has proven 1o be invalu-
ahle as an adjunct to bone grafting for scaphold
nonunicn (Type C)

The declsion to carry oul internal fixation in the
management of scaphoid fractures depends on the
surgeon’s assessment of the problems, Factors that
shoald be taken into account include:

A: The Patient
— Age
— Oceupation
— General health
— Disability
— Expeciations

B: The Fracture
— Ape
— Instability/ deformily
— Bone stock
— Bone viabllity
— Associated conditions je.g. other fractures,
oateoarthritis)

C: The Surgeon
— Intermal fixation of the scaphobd ks a difficult
surgical procedure, demanding a sound under-
standing of the three-dimensional anatomy of
the carpus.
Thus, contraindications include:
- Unsuttable patient

— Inadequate bone (e.g. complete avascular
ReCrosis)
— Inexperienced surgeon



Classification of
Scaphoid Fractures

The following classification of scaphoid fractures is
recommended:

Type A Acute, Siable—Union may be expected
afler immobilization of the wrist for six weeks in a
Colles-type plaster, However, internal fixation may
be indicated when the patient prefers to avoid the
use of plaster.

Type B Acule, Unstable—Open reduction and
screw fixation are indicated. In comminuted frac-
tures, supplementary bone grafting may be required
In ablique fractures, additional Kirschner wire
fixation is sometimes necessary,

Iype C Delaved Union—5Screw Mixation, with or without
bone graiting, is indicated. However, it is advisable (o
leave the wrist free of plaster for 8 minimum period of
two weeks prior (o surgery

Iype D1 Fibrous NSonunion—The fibrous (issue should
be completely excised and a suitable bone graft {cancel-
lous of conticocancelious) inserted prior 1o screw fixation.

Type D2 Psepdarthrosis—Reconstruction of the
scaphold involves resection of the pseudarthrosis and
correction of deformily, using a substantial cortico-
cancellous bone graft from the iliac crest. Surgery is
indicated only after careful assessment of the patient's
disability and expeciations,

Type Al
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I:I.'l'\-' Bl
Dristal Oiligue Practure

Lype bt

Tvpe BA
Prowimal Pale Fraciunes

Type B
Transscaphodd - Perilunales Fraoure
Dislocation of Campus

Ty o
Delayed Union

|y 10
Fibrrous Monunmon

Fype 02
Pamadarifirosis or Monurmaon




Scaphoid Fractures
Standard Operating
Procedure

(Using Huene Alignment
Guide—Volar Approach)

Preparation

Use either reglonal block or general anesthesia. The
operation must be done under pneumatic tourniquet
technique using the appropriate hand operating table
Radiographic control, best done with a high resolu-
tion lmage intensifier! is essential. If bone grafling of
the scaphoid is required, it is recommended that iliac
bomne be used because of its density and higher levels
of bone ceflular elements and bone morphogenic
protein, Use of the contralateral lliac crest with a
small roll under the hip facilitates gralling

Exposure

A volar approach is favored for all but the maost
proximal scaphoid fractures because of protection
afforded the important and vulnerable scaphoid blood
supply entering the bone and the dorsum. In addition,
the Alignment Guide can only be used from the
anterior approach. Its use allows safer precision
placement of the screw entirely within the scaphoid
bone, and ersures maximum precompression of the
fracture and/or graf,

A dorsal or posterior approach is used for [ractures
whose proximal pole is equal or less than 25%. This
approach requires free-hand insertion of the screw
isee page 24 Dorsal Approach 1o the Scaphoid).

Once through the skin, the tendon sheath of the
flexor carpl radialis tendon is carefully located and
opened (Figure 1-3). Retract the FCR tendon ulnarly
{using the small Retractor) and carefully carry the
dissection distally until the superficial palmer branch
of the radial artery (of variable caliber) is localed. The
skin incision shown in Figure 1-3 is centered over the
tubercle of the scaphold and extended distally and
radially toward the base of the thumb. The proximal
limb of the incision may be straight or zig-zag (for a
more cosmetic scar). Cul and ligate this vessel and
continue opening the sheath around the scaphoid
tubercle. The floor of the tendon sheath provides a
landmark for the joint arthrotomy. Directly in the floor
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of the sheath, sharply incise the radioscaphocapitate
ligament and the joint capsule (Figure 1-4), This will
expase the anterior surface of the scaphoid. Insen the
Self-Retalning Retractor, The fracture OF nonunion can
now be visualized. Extend the Incision sharply slightly
into the orlgin of the thenar muscles and over the center
of the scaphoid tubercle. Peel off a cuff of the ligament
on the tubercle radially and ulnarly, but do not dissect
too far antersorly, especially on the radial side because a
smiall group of important vessels enters the scaphoid
here. Unlike the Russe operative approach, the scapho-
trapezial joint must be opened when fixing the scaphokd



with a Herber! Bone Screw (Figure 1-5). Mobilize this
joint enough to allow the distal pole of the scaphoid
1o be elevated enough 1o permit proper placement of
the barrel of the Alignment Guide on the distal pole of
the scaphoid (Figure 1-8), Adequate mobilization of
this joint is important. and when inadequate, Is a
cause of frustration for many inexperienced surgeons
in proper placement of the Alignment Guide.

By pulling longltudinally on the index and long
fingers and distracting the wrist, the dome of the
progimal pole of the scaphoid and a portion of the
scaphoid facet of the radius can be well-visualized.
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FGURE | -5 Volar approach — frchure exposed and scaphoiraperial
jaint ope=ned

FIGURE 1-6 Uso the Ebevator || 154-0r21 po iR and mobdlize (e Dabencis
ol the scaplroi] away from 1he raperum
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Fracture Reduction

Once the joint exposure described is completed,
evaluation of the fracture can be accomiplished. In
older fractures, it may be necessary to divide adhe
sions at the fracture site in order to obtain adequate
visualization. Movement at the fracture site may be
demonstrated by moving the hand into the ulnar amd
radial deviation. The fracture may be hinged open by
dorsifllexing the wrist,

In fresh fractures, perform a trlal reduction of the
fracture. In most acute fractures, a hemarthrosis is
present and suctlon s required for adequate visual-
ization of the fracture and adiacent joints. If the
fracture s unstable because of comminution or
compression of the volar cortex of the scaphold, a e
bone graft Is necessary to restore normal contour of  FSUEE L7 Seconsructon efseaphold lowng esonct
the ﬂphnid and reconstifule the volar cortex, If ihe -;_!-:ﬁlgni:l:uﬂachﬂ with cartex flush anierior so thad i remains siable in
instability is due to the obliquity of the fracture, the
Alignment Guide can be applied initially without

compression and a small bone fracture clamp or in such a way that the scaphoid will be completely stable
hemostal can be used to compress and stabilize the on compression with the Alignment Guide, If necessary, a
[racture mediolaterally, Alternatively, a Kirschner wire  comticocancellous wedge grall may be required.
may be used as temporary fixation, (This should be In the case of an established pseudarthrosis (Type D2)
inseried along the ulnar border of the bone so as not the two fragments typically are completely mobile and
to interfere with the insertion of the screw,) This unstable, and the bone faces are sclerolic. The goal of
provides additional stability as the Alignment Guide surgeny is correction of associated carpal deformity while
Is lightened. obtaining a sound bony union, Excise the sclerotic bone
faces using a small osteotome, Make the cuts perpen-
Bone Grafting dicular to the long axis of the scaphoid so that the graft
In cenain comminuted acute fractures the scaphoid will be stable when inserted. An attempt should be made
may tend to collapse under compression., In suckh to preserve a soft tssue hinge posteriorly since this will
cases, it may be necessary to excise loose bone contain the graft. Fill any residual cavities with cancel-
ragmenis and use a bone grafl Lo stabilize the lows bone chips
fracture and malntain length of the scaphoid when it Forcibly dorsiflex the wrist. This maneuver will tend to
iz compressed with the Alignment Guide. comect the carpal deformity and open the defect in the
In the case of fibrous nonunion (Type D1} carefully scaphoid to its full length. Remove a block of cortico-
pry open the racture and curette out all librous tissue  cancellous bone from the outer border of the iliac crest
and cysts. Prepare the bone surfaces so that healthy and carefully shape it to fit tightly within the resultant
bone is apparent in both bone fragments. Tightly pack  cavity (Figure 1-7). The graft should be wide enough to
the resuliant cavities with fresh cancellous bone, prevent any collapse when compression is applied. Use a
harvested from the iliac crest. (Radial bone is not smiall punch o firmly impact the graft. Then trim anmy
normally suitable for this procedure.) insert the graft protuberant graft after the screw has been inseried
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Internal Fixation

Step 1| — Apply Alignment Guide
Sel the blade of the Alignment Guide for the appropn
ate hand and Armly tighten the focking screw. Set the
barrel ol 30mm and check the calibration

Open the radiccarpal joint by firmly distracting the
wrist. Al the same time, use the curved end of the
Dissector to locate the Lip of the proximal pole of the
scaphoid. Carefully inserl the blade of the Alignment
Guide around the proximal pole of the scaphoid. To
avoid damage to the articular cartilage, initially point
the hook anteriorly until it is around the proximal
pole, Then swing it in an arc, medially and then post
eriorly, until it is ina position Lo engage the proximal
pole as deeply as possible. Alm the Made toward the
dorsum ol the proximal pole so that the angle of the
Alignment Gukde s approximately 45 degrees o the

Hueme Alrmenl ¢

FIGURE 1-R Correct pasticning of the Alignment Cuide slorg axis ol
scaphaid (approximately 45-degres angls 1o honzontal]

horizontal (Figure 1-8}.

Il the proximal pole fragment is very
narrow, or if the fracture is oblique,
engage the hook of the blade toward the
radial surface of the proximal pole. This
will ensure accurate alignment of the
Cande perpendicular to the fracture and
prevent medial penetration. Once the
hook is engaged, hold it in position by
mainiaining traction on the handle of the
Alignment Guide and release [raction on
the index and middle lingers.

Insert the special distal pole Elevator
11 154-08) into the scaphotrapezial foint
and gently lever the scaphoid tubercle
anteriorly from the trapezium, Malntain
ing traction on the Alignment Guide,

swing the barrel into position on the

i - i FIGURE §-9 The fraciune & compresssd by wsing firm thumb pressuee applied to the
distal pose OF the SL-ﬁphCIId, REAn ANTINS Algnment Cuide. Mole 1hat the Alignmend Guide lies ol an angle of at least 45 degrees 10

to be as perpendicular o the lraciure as the long s of the limb

possible. When the line appears correct,

push the Guide onto the bone using firm thumb
pressure (Figure 1-9), Usually the barrel will be
placed in the radial volar quadrant of the scaphoid
just on the articular cartilage surface of the distal pole
of the scaphoid

Technique Tips

The Alignment Guide will normally ensure accu
rate positioning of the scaphoid screw, so that
intraoperative radiographs are nol mandatory,

However, it does take practice to become familiar
with the application of the Alignment Guide and the
use of an image intensifier may be helpful. (Familiar-
izatlon on cadaver wrists is strongly recommended.)
The most common error is to apply the Alignment
Gulde too superficially (screw penetrates scapho-
capitate joint). This can be prevented by carefully
checking the alignment of the Alignment Guide before
drilling. Mark the most narrow part of the bone medially
and position the Alignment Guide 50 its line is lateral to
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this. If the Alignment Guide is incorrectly placed, it will
become apparent during Instrumentation, Penetration
normally can be recognized during insertion of the
long drill. 1T the Tap fails to advance dunng insertion,
or if increased resistance is not apparent in the proxi-
mal pole, penetration is likely 1o have occurred and the
alignment Guide should be repositioned

Step 2 — Check Alignment

visually check the alignment of the Guide to ensure
that the screw will lie in the optimum position. Also,
chieck the redoction of the fracture and make any
necessary adjustments. With a bone graft, be sure that
the graft remains in position while the Alignment Guide
is compressed as tightly as possible [Figure [-10). This
pasition of the Alignment Guide can be checked with
the image intensifier

Alignment Check with Guide Wire
{Optional)

FIGLIRE 1 10 Correct aligienent of Algnrmend Guilde perpendoular

insert the Skeeve (1152-52) Info the
barrel of the Alignment Guide, Drive a
Gulde Wire through the Insert Sleeve
(Flgure 1-11}, and verify the position by
X ray of image intensifier. Remove the
Gubde Wire and Insert Sleeve

Step 3 — Dirill the Filot Hole
Insert the Pilot Dl nio the barrel of the
Allgnment Guide. Turn the handle and
advance the Drill until it boftoms out
[Figure 1-12). Continue to furn the Drill

in a clockwise direction during removal FIGLUEE 1-11 Cgtionad use of the Free Hand Guide Inseri Sleeye amd a K-wire to verify

as this will remove bone and facilitate
further instrumeantation.

correct alignment of the Guide

e

FIGLERE 1+17 Deiermine the screw e
anid drill the pllot hole far the miling threacds
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Step 4 — Drill the Main Hole
Insert the Main Drill into the Alignment
Guide. Turn the Drill in a clockwise dir
ection o maximize cificiency in cutting
and chip removal, Advance the Drill uniil
it bottoms out (Figure 1-13), IF the bone
is hard, withdraw the Drill periodically in
a clockwise direction to remove bone
fragments

Step 5 —Tap

Tap the leading screw threads, espectally
when performing bicortical fixation.
Insert the Tap using a clockwise move
ment until it bottoms out (Figure 1-14). B—
Remove the Tap by tuming in a counter
clockwise direction. It s essential thal
the Tap be inserted to the full dnll depth
in order o achieve the full compressive
action of the screw,

FIGUIRE 113 Diedll the maaimn hode for the leading theeods, and the shatl of the bone screv

Il Bcaskndmaier] directly

Step 6 — Read Calibration

The screw length can be read directly
Irom the calibrations on the Alignmenit
Gilde (Figure |- 14 Inset). This reading is
the longes] possible sorew which should
be used, Il a shorler screw can be |
chosen without having threads present FIGUHE |-14 Tap the Bull depih ol the mam drill kole for ihe leading threads
across the fracture sile, selection of the

shorter screw will reduce the risk of penetration. This
is the reason for the preoperative calibration check
recammended and described on page 5. However, [oo
short a screw selection will result in threads present
ncross the fracture line especially if the fracture is a
proximal one. Screw threads across the lracture Hne
can distract the bone fragments and contribute 1o
failure of the device

Step 7 — Insert Screw

Select the appropriate length screw and 1 if

ot of the sterilization rack with the Screwdriver
(Figure 1-15), Check the length of the screw against
the calibrated scabe located in the sorew rack
(Packaged bone screws are prestenlized.)

FIGURE |-15 Lift the Herberd Screw (mom rack, Sorewdnver fully engaged

i hexagonal socke
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insert the screw through the Alignment
Guide and tum the Screwdriver clock-
wise (Figure |-16), As the trailing thread
enters the bone, increassd resisiance
will be felt and further reduction at the
fracture site will be vistble. Remove the
Alignment Guide and turn the screw an
additional one or two turns, This will
apply additional reduction and/or
compression at the fracture site and
completely bury the screw head.

Pull the wrist joint through a full range

af movements to confirm secure fixation  POURE 1-16 insert the Herberf Bone Screw nlo the scapheid bone nough the

and to ensure that the screw has not
penetrated proximally, This can also be checked by
feeling around the proximal pole of the scaphoid with
the curved blade of the Dissector, Carefully trim off
any protuberant bone. A check with the image
intensifier at this stage verifies the position of the
screw on the radiograph at the termination of the
operative procedure.

Closure

Use a sultable fine, nonabscrbable suture (@2, 4/0
Ticron) 1o close the wrist capsule securely. Loosely
suture the thenar muscles and the underlying joint
capsule across the distal end of the scaphoid. Secure
hemostasis as necessary prior 1o skin closure. Apply a
firm bandage (0 support the wrist until the sulures are
removed
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AS mentioned previously, Intracperative X ray liims
are not normally required, although image intensifica
tion screening may be useful Take postoperative

X rays Lo confinm satisfactory placement of the screw

and reduction of the fraciure (Flgure 1-17)

Elevate the limb and carry out routine observations
Encourage active linger exenrcises immediately, bul
the wrist shoulbd be supported until the wound has
hialed

When the wound 15 healed, begin active wrist
AT ||'I.||i"|-"||._': EXETCISES Il AT 1S SecCure, no lurmner
*-'\.|‘:|:I1I.=|k‘:-e 15 r!'|'|:||||,*-:1 Hiowever the patient shoald be
warmed againsi further trauma to the wisl, and a
remaovabile wris SUppsT S il e wrairm ol there
appears to be any risk of this

Take follow LIt % rays al ne :_‘:|:|.|| Intervals untll the
outcome is clear. Most acute fractures should be
united by six weeks, whereas reconstructions, par
ticularly when there is a small proximal pole frag
ment, may take considerably longer. Failure of union
becomes apparent if there are signs of loosening of
Lhe screw, such as a “hala” appearance around either
serew Lhread

FMormally, contact sports should be avoided for wp to
thres monihs atter surgeny, and 115 recommended
Lt Akl |:.:'.I,i!_'||l:- are revigwsed aller ope year for firal

clinlcal and radiobogical assessment

UEE 1-17 Jripes showing

feleE frachiee s som (Type Baj; node
fixaton of scaphoid fracture, gether with cag
e -harkl® sorew msert oo

e reduction anc

i [Type D) [lel] treated by
o Lo ki ks ey

i S R N Rlgii L wikh M reEr

pelale raciure fixed by
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Technique Variations
Dorsal Approach to the
Scaphoid

{For the Herbert and Herbert Mini Bone Screws)
As mentioned previously, in the case of a very small

proximal pole fracture, it may be preferabie (o insert FIGURE |- 15 Radicgraph bo show cormect posilsoming of screw (elowing
- : relrograsde, (ree-hand insertion via dorssl approach 1o 8 small progimal
the Herbert Bone Screw in a retrograde fashion via a ke fraciiine

dorsal approach, so thal the shorter trailing thread
cngaces the small bone fragment (Figure 1-18)
Similarly, in the case of an unusually obligue

fracture, it may not be possible to oblain a satisfac
yory direction for the screw from the volar approach
and a dorsal approach may be preferred. With Lhis
approach, it is not possible to use the Alignment
Gulde, and fixation is carried out using the free-hand
technique (see page 27)

In such cases, expose the scaphoid via & gently
curved longitudinal incision over the back of the wrist
centered to the ulnar side of Lister’s tubercle, When
ising this approach, be sure to protect the superficial
branches of the radial nerve.

Retract the extensor pollicts longus (E-P.L} tendon
after freeing it from beneath the extensor retin
aculum. Incise the capsule longitudinally, just to the

radial side of the extensor carpi radialis longus lendon e
FIGURE 1- 19 Dorsal approach to ke scaphid

(Figure |-19)

Thig approach gives direct access to the proximal
pole of the scaphoid. After reducing and/or grafting |
the fracture, use a K-wire to provide temporany
fixation. Then fully flex the wrist, position the Free-
hand Drill Gulde on the apex of the proxirmal pole and
apply firm pressure on the Guide to compress the

fracture [Figure 1-20), Take cane to ensure that the
drill pagses up the middle of the bone, (The axis of the
scaphoid ts roughly in line with the patient’s thumb
This lopographical fact can be used as an aiming
guide for the surgeon. However, with the wrist flexed
maximally, this axis Is almost perpendicular—90

degrees—1o the long axis of the forearm. ) A 16mm of
I8mm screw normally {8 sufficient to ensure good
fixation, and the head should be buned completely
beneath the articular surlace

PIGURE [-20 Frec-Hand Orill Guide used o provide marual
compression duning Instrumentalian




Intracperalive x ray controd s recommended to en-
sure carrect posttioning of the screw, Carefully repair
the wrist capsule with fing, nomabsorbable sutures,
and relocate the EP.L. tendon in its dorsal compart-
ment. Begin active wrst mobilizing exercises as soon
as possible alter surgery (o encourage healing of the
articular cartilage

) Transcaphoid Perilunate
Fracture Dislocation

After perilunate or midcarpal dislocations, a much
mone extensive exposure is required (Flgure 1-21)
Stabilizing the scaphoid in these cases may be techni-
cally demanding when the scaphoid fracture is very
unstable. A second dorsal exposure may be required
and lemporary K-wire fixation helpful. Decompression
of the median nerve is necessary and snug repair of
the large ransverse tear of the anterior wrist liga-
ments is essential (Figare 1-22). When associated
fractures of the radius or compartment syndromes are
present, appropriate repair and faciotomies are done.

Standard scanhorl
apmraach

sEEEEEEE
Exlersiie approwch
fer TSPL

FEGURE 1-21 Transcaphoad Perilunate helsion

F '1‘. ._

FIGUHE 1-23 Suture repairs of Igamenis

25




T

W5 U e

|'AaY TO-051 |

znmimer



