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KAACCHUOUKALIUA

OceBoi1 KOXXHBII AOCKYT.

COCYAUCTA HOXXKKA

ITepdpopatop a0 0,4 MM B pAnameTpe obpasyer-
Csl U3 COOCTBEHHO MaAbLIeBON apTepuu Ha 10 MM
IPOKCHMaAbHEe MPOKCHMAABHOTO MeX(aAaHTOBO-
ro cycrasa (IIM®C). Bropuunas Backyaspusarus
IIPOKMCXOAMT OT COCYAUCTOM AyTH (apKaAbl) IO Kparo
cyxoxuaus pasrubareas (puc. 1)*.

AHATOMUA
N ITIOBEPXHOCTDb MAPKHPOBKHM

1. OmpepaeasieTcst 06peM KOXKHOTO AOCKYTa 3aXBa-
toM Koku Hap [IMOC, KoTOpBIiT MOXKET OBITH ITOA-
HAT C OAHOBpEMeHHbBIM 3aKpbITHeM paHbl (puc. 2).

2. OTMeuaeTCss OCHOBHASI TOYKA BBIXOAQ IIHTA-
1omei HOXKU AOCKyTa (T.e. 10 MM MpOKCUMaAbHee
I[IM®C) (puc. 3).

3. OpueHTHPOM AASL pacCeUeHHUs KOXKH CAY>KaT
OTMeYeHHbIe BTOPUYHbIE COCYAUCTBIE ITYYKH, KOTO-
pble IIPOXOASIT BAOAD AQT€PAABHOTO Kpasi CyXOXKHU-
Auit pasrubareaeit (puc. 3).

4. OTMevaeTcs TOUKA COEAUHEHUS AAAOHHOM U
TBHIABHOM IIOBEPXHOCTEN KOXKH, SIBASIFOIAsICSI IPAHH-
Iieil paccedeHHsI KOXKU IO AAQAOHHOH IIOBEPXHOCTH.

ITIOAOXKXEHUE ITAITUEHTA

IToAroxkeHMe Ha CIIHHE, BEPXHSISI KOHEYHOCTb OT-
BeAEHA II0A IPSIMBIM YIAOM, 00paboTaHa, HAAOXKEH
XKTYT.

*PHUCYHKH PeACTaBACHbI B AHTAMFICKOM BEPCHH CTAThHL.

ITIOABEM AOCKYTA

ITocae ypaneHus pybLa Ha AQAOHHOM IIOBEpPX-
HOCTH TaAblja usMepsieM AepekT Koxxu. o Thiab-
Hoi noBepxHocTH obaactu [IMOC BbimoaHsIEM
paspes KOXH A0 daciiuH, KOTOpas AOAXKHA OCTaTh-
ca Ha Mecre. Koxa oTpeAseTcss oT IMOAKOXHOM
KAETYATKU U pacCceKaeTCsi HPOAOABHO A0 10—15 Mm
IIAPAAAGABHO KPAI0 CYXOXHAUSI PasrubareAs IIO
HAIPaBAGHHIO K ILICTHO-PAAAHTOBOMY CYCTaBy
(TI®C) (puc. 4). Pacceyenrne MPOBOAUM AO TPa-
HHUILIBI AAQAOHHOM M THIABHOM IOBEPXHOCTEMN KOXXH.
AoCKyT mepeHOCHTCS K AAAOHHOH 30He AedekTa,
¢ukcupyercss mBaMu. NOHOPCKas 30HA IIOAHO-
CTBIO yInBaeTCsL. [UcoBas UMMOOHUAM3AIINS — AO
10 aHeit mocae onepanuu ¢ pasrubanunem [IMOC.
ITocae aroro mepmopa HAIfUEHTY PeKOMEHAYeTCs
IIOCTEIIEHHO CrU0AaThb MaAely.

KANMHHUYECKA ITEPCITEKTHUBA

3akpbIBaeTCsl KOXKeH AePeKT AAAOHHOM ITOBEpX-
nocru [IM®C (puc. S).

PEKOMEHAAITUU

OTOT HeCBOOOAHBINI AOCKYT He AOAKEH 3a-
XBaTBIBATh KOXY IO AaTePAAbHON ITOBEPXHOCTH
C IPOTHUBOIIOAOKHOHN CTOPOHBI AASl COXPaHEHHS
BEHO3HOTO ApeHaXKa AUCTAABHON (aAaHTHU MAABIA

(puc. 6).
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IIOAITNCHU K PUCYHKAM

Puc. 1. AHaToMHYecKoe UCCAeAOBAHUE AAT€PAAbHOM IIOBEPXHOCTHU YKa3aTEABHOIO IAAbIIA IOCAE UHD-
eKIIMU 3eAeHBIM AAaTeKCOM IAedeBod aprepuu. Ileppoparoprr pacnosoxkensr 10-1S MM npoxcumasbHee
IIM®C. CocyaucTbIe AyTH IO KPAIO CYXOXKUAUS PasTHOaTeAs] HMEIOT CBsI3H ¢ IIepPopaTopaMu.

Puc. 2. OnmpeaeseHre rpaHuI] KOXXHOT'O AOCKYTa AASI BO3MOXKHOCTH IIOAHOTO YIIMBAHUS PaHBbL

Puc. 3. MopeAb AOCKYTa C COCYAMCTOM HOXKKOM, BKAIOYAIOIAsl AMCTAAbHBIM IIepPOpaTop 1 MOAKOKHYIO
KAETYATKY Ha CTOPOHE IIaAbIIa.

Puc. 4. CxeMaTHyecKkoe IpeACTaBACHUE IIOAbEMA AOCKYTa. AOCKYT BBIAGASIETCSI AO TIOBEPXHOCTHOH dac-
IIUM. Y OCHOBAHUSA AOCKYTa KOXKA OTAEASIETCS OT MOAKOXKHOM KATYATKH, KOTOpas PACCeKaeTCs 110 AaTePaAb-
HOMY KPalO CyXOXKHAHUS pasrubareas.

Puc. 5. IIpeacTaBaeHIe KAMHIYIECKOTO CAy4asi. B AeBOM BepxHeM yrAy: pyO110BOe BTsDKEHHUE II0CAE O3KO-
rOBOI TPaBMBI y pebeHKa A0 olleparuy. B mpaBoM BepxHeM yrAy: HHTPAOIEPAI[OHHBIN BUA BBIACACHHOTO
neppopaTopHOro AOCKyTa HA YKa3aTeAbHOM M CPEAHEM IAAbITaX. /AeBbIM U IIPABbIN HIXKHHE YTABI: KUCTDb
yepe3 12 mecs1eB ocae omeparyu.

Puc. 6. Cxemarmdyeckoe MpeACTaBACHHE AMCTAABHOM IPaHHIBI AOCKyTa. Koxka coxpaHeHa 1o Aarepaab-
HOI1 MOBEPXHOCTH ITAABIIA AASl TIPOPHMAAKTHKH HApYIIeHMs BEHO3HOIO OTTOKA OT AMCTAAbHON (aAraHTH
TMaAbIIa.
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SURGICAL TREATMENT OF RADIAL HEAD FRACTURES
WITH HEADLESS SCREWS
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This prospective study was an evaluation of the functional results in 42 elbows that underwent surgical treatment

for Mason II fractures of the radial head.

Forty-one patients with a combined 42 radial head fractures (one patient had bilateral fractures) were treated with
open reduction and internal fixation, using headless screws. The evaluation of functional results entailed goniometry,
and gauging the force of palmar prehension and thumb pinch, in addition to using the criteria proposed by Broberg

and Morrey, between 30 and 90 days post-operatively.

All the fractures consolidated, with patients returning to their usual work activities within an average of 38.4 days.
Range of motion and strength were greater than 90 % those of the uninvolved contralateral side.

The studied technique is an appropriate method for surgical treatment of Mason II radial head fractures, being
minimally invasive and allowing for a rapid return to work and good function.
Key Words: radial head fracture, open reduction, internal fixation.

YAK 616.717.51-001.5-089.844-74:615.465:669-428.2:001.894

INTRODUCTION

Radial head fractures are the most common
elbow fracture seen in adults, comprising 1,7 %
to 5,4 % of all adult fractures and 33 % of all elbow
fractures. Eighty-five percent occur in young to mid-
dle-age adults, in the age group from 20 to 60 years.
The proportion of men to women is roughly two to
one. These fractures can happen alone or in combi-
nation with other traumatic injuries, including le-
sions involving the medial collateral ligament, and
fractures of the olecranon or the coronoid process
of the ulna. It is believed that roughly 20 % of all cas-
es of elbow trauma result in a radial head fracture(V).

Excision of the head of the radius withoutreplace-
ment creates instability of the distal radio-ulnar ar-
ticulation and of the elbow, thereby interfering with
daily activities. Other late complications are limita-
tions of movement, cubitus valgus, dysfunction of
the ulnar nerve, osteoarthritis, proximal migration
of the radius, and subluxation of the distal radio-
ulnar joint®. These complications have caused re-
searchers to study elbow biomechanics, aiming to
improve our understanding of the function of the
head of the radius, not only at the elbow, but in the
wrist and forearm. With lesions of the medial col-
lateral ligament or the interosseous membrane, the
stabilizer against compression forces and stress in
valgus is the head of the radius. The development
of novel techniques and internal fixation implants
for the treatment of these fractures coincides with

growing recognition of the important contribution
of the radial head to elbow and forearm stability®.

Recent studies have demonstrated the need to
accomplish open reduction and internal fixation
with Mason class II radial head fractures, to allow
for early mobilization. This fixation can be accom-
plished with a variety of materials, including mini-
fragment screws, plates and headless screws, which
are favoured in the absence of comminution of the
radial neck®.

In this study, we analyzed the surgical treatment
of Mason II radial head fractures through open
reduction and internal fixation using cannulated
headless screws.

PATIENTS AND METHODS

The study was a prospective analysis of 42 sur-
gical procedures performed to treat Mason II radial
head fractures.

To be included in analysis, a patient had to be
at least 16 years of age and have a modified Ma-
son II (modified by Johnston) radial head fracture.
Johnsons modification of Mason's classification
scheme® (Figure 1) aims to quantify the extent of
radial head involvement. Fractures are subdivided
into type I, fractures of the radial head with inferior
displacement to 2 mm; type II, fractures with supe-
rior displacement to 2 mm and involvement equal
to or greater than 30 % of the joint surface; type III,
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Figure 1. Mason’s classification scheme for radial head frac-

tures, as modified by Johnston

comminuted fractures; and type IV, fractures associ-
ated with concomitant elbow dislocation.

Exclusion criteria were: ligamentous injury at the
elbow, as with an Essex-Lopresti fracture; an unstable
Monteggia fracture; dislocation of the elbow; and
any associated fractures the elbow (like fractures of
the coronoid process, olecranon, or distal humerus).

In total, there were 41 patients who met the in-
clusion criteria — 23 males and 18 females — one
of whom had bilateral radial head fractures. The age
of patients ranged from 16 to 72 years, with a mean
age of 43,2 years. The time elapsed between the
initial trauma and reparative surgery ranged from
2 to 25 days, with an average of 9,5 days (£5,6).
The mechanism of trauma was a fall onto an out-
stretched hand in 31 cases (73,8 %) and a fall directly
onto the elbow in 11 cases (26,2%). Patients were
re-appraised immediately after surgery, and again at
30 and roughly 90 days after surgery. Thirty and nine
patients had dexterous dominance. The involved el-
bow was on the right in 25 patients, and on the left
in 15, with one patient having bilateral fractures. In
terms of concomitant lesions, one patient presented

Figure 2: Cannulated headless screws

with a malunion consolidated fracture of the distal
radius on the ipsilateral side; 2 patients had a fracture
of the distal radius that could be fixated during the
same surgical procedure; and 2 had fractures of the
ipsilateral scaphoid that was treated percutaneously
with self-compressing screws during the same surgi-
cal procedure.

All patients were operated upon by the same
surgeon, under brachial plexus block administered
to the infra-clavicular space, guided by ultrasound.
Patients underwent open reduction and internal
fixation with cannulated headless screws (Figure 2).
All patients underwent surgery between December
2007 and November 2009.

SURGICAL TECHNIQUES

Surgery was performed with the aid of a pneu-
matic tourniquet. Using an inflatable cuff to reduce
bleeding, the upper limb was operated upon on
an auxiliary table. We used the lateral approach
proposed by Kocher, where we approached

Bonpock! peKoHCTPYKTUBHOM 1 NNacTUHECKOM XUPYPriu
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the fracture in the space between the anconeus
muscle and the extensor carpi ulnaris to create an
opening in the annular ligament and joint capsule.
We maintained complete pronation of the forearm
during dissection in the space of Kocher, because
this moves the interosseous nerve out of the sur-
gical field by at least 1 cm, according to Strachan
and Ellis”, thereby minimizing the risk of nerve
trauma. After capsulotomy and opening of the an-
nular ligament, we proceeded with reduction of
the fracture.

Fracture reduction was accomplished through
manipulation with a delicate osteotome for avoiding
manipulation at the level of the radial neck to mini-
mize the risk of impairing blood supply to the bone
fragments. After anatomical reduction, we tempo-
rarily fastened the fracture with 0,9 mm Kirschner
wires to allow for later definitive fixation with two
cannulated headless screws. Using these screws for
fixation, one should observe that the point of in-
troduction of the screw has a minimum distance
of twice the diameter of the head of the screw to
the extreme of the fragment. The first screw should
fasten the fragment with the cortex opposed to the
head of the radius, while the second screw should
fasten the fragment to the neck of the lateral
radius, thereby stabilizing this fragment and

POSTOPERATIVE FOLLOW-UP

At the time of the first follow-up visit, the splint
was removed and the wound covered with just a strip
of micropore adhesive. Physiotherapy was initiated,
including supervised active exercises, guided initial-
ly by the surgeon to achieve enhanced movement
and, later, strength. All patients were re-appraised
30 and 90 days postoperative, the repaired limb
compared against the normal contralateral extrem-
ity. The clinical evaluation was conducted in accor-
dance with Broberg Morrey's criteria(8) (Table 1).
Evaluation included (a) the measurement of elbow
and forearm range of motion, (b) the assessment
of stability of the elbow, and (c) the identification
of any patient complaints pertaining to the distal
radio-ulnar joint. Goniometric measurements were
performed using a standard goniometer, with elbow
flexion and extension measured with the forearm in
neutral rotation; and pronation and supination with
the elbow in ninety degrees of flexion. The strength
of palmar prehension was evaluated in three posi-
tions: with the elbow flexed 90 degrees; with the
fist held in neutral and using a Jamar dynamometer;
and pinching of the thumb with the wrist in neutral,

avoiding rotation. Table 1
As for gauging the size of the screw to Broberg and Morrey’s Functional Index

use, we adopted the following technique. ] Available

When perforating the bone with the fine Variable Points

drill (used to create holes for the distal Range of Motion

wire), when we felt counter-resistance from  [Fjexion (0.2 x measured range) 27

the cortex, we used a millimetre caliper to  |pronation (0.1 x measured range) 6

measure the residual length of the drill bit Supination (0.1 x measured range) 7

and then we decreased this distance by 30 Strength

mm (the maximum length of the drill), the Normal 20

difference coinciding with the size of the Slight decrease (without functional limitations, 80% | 13

screw to be used. Soon afterwards, we care- |ofthe contralateral limb)

tully sutured the annular ligament with an  |Moderate decrease (limits some activities, 50% of | S

anchored continuous stitch of mono-ny- |the contralateral limb)

lon 2-0. After releasing the tourniquet, we |Marked decrease (considerable disability) 0

proceeded with rigorous hemostasis, and |Joint Stability

sutured the muscular interval between the [Normal 5

extensor carpi ulnaris and anconeus, fol- Slight instability (detectable, but without limitations) | 4

lowed by the subcutaneous tissue and skin. |Moderate instability (limits some activities) 2

The skin was sutured with a continuous |Marked instability (considerable disability) 0

intra-dermal stitch using absorbable thread. |pain

The limb then was immobilized in an axillo- [y, pain 35

palmar splint for 2 days after surgery. Post-  |Mild (with activity, not requiring medications) 28

operatively, all patients were monitored in  |Moderate (with activities or at rest) 15

hospital for pain and any complications of |Severe (constant, even at rest; chronic use of analgesics) | 0

surgery, for at least 2 days prior to discharge
(fig. 3-5).

95-100 = excellent; 80-94 = good; 60-79 = fair; 0-59 = poor.
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leaning against the table using a pinch-type dyna-
mometer. X-rays of the elbow were obtained to as-
sess radiocarpal and antero-posterior alignment,
bone consolidation, and for consistency and reduc-
tion of the joint surfaces. A rehabilitation program
was begun on the second postoperative day.

RESULTS

The duration of post-operative follow-up ranged
from 3 to 29 months, with an average of 6.8 months
(£3,6). The injured limb was dominant in 27 cas-
es (65,8%). All of the fractures achieved adequate
consolidation. There were no cases of avascular ne-
crosis; but, in two patient, late loss of the reduction
occurred with a step equal to 2 mm. All patients re-
turned to work; the mean time to return was 38,4
days (£16,2).

In terms of range of motion of the affected limb,
we obtained mean flexion of 133° (+9,5), extension
of 6° (+8,4), pronation of 81,7° (+6,3) and supina-
tion of 84,5° (£5,5), which corresponded to 96,3 %,
97,5 %, 98,1 % and 98,8 % of the range of the unaf-
fected contralateral limb.

Strength of fist prehension in the repaired limb
was 36,4 kg force (£17,5), and thumb pinch was
6,9 kg force (+2,0), which corresponded 92,5 % and
100% of the values in the contralateral normal limb,
respectively.

Using Broberg and Morrey’s criteria to rate the
overall functional outcome, 15 patients (36,6%)
were felt to have had a good outcome, and 26
(63,4 %) an excellent outcome. No sign of elbow in-
stability was detected on physical examination.

DISCUSSION

The age range of the patients in this study was
consistent with the literature, in that there was a ma-
jority of young adults. There also was a statistically-
significant predominance of males, as reported else-
where®. In this study we verified 1 case (2,4%) of
concomitant bilateral radial head fractures, which
also is consistent with the roughly 2 % reported .

Although good results have been experienced
with excision of the radial head in several previously-
published studies, especially for comminuted frac-
tures there are certain disadvantages. Among the
long-term complications are pain and instability of
the wrist, forearm and elbow due to proximal radial
migration and cubitus valgus® 1'%, Additionally,
weakness of the affected extremity and long-term

post-traumatic osteoarthritis have been detect-
ed® 12 To prevent these problems, some investi-
gators have sought to reconstruct the head of a frac-
tured radius or replace it with a prosthesis when open
reduction and internal fixation fail; in other words,
when the surgeon lacks confidence in the restoration
of early movement (%), Tkeda et al"® compared the
clinical results of radial head resection versus open
reduction and internal fixation in patients with Ma-
son III fractures. They identified enhanced func-
tional outcomes and strength when the radial head
was reconstructed. In spite of the problems that are
known to be associated with open reduction and in-
ternal fixation, like pseudo-arthrosis, secondary loss
of reduction, and radial head avascular necrosis, few
studies have compared the level of stability obtained
with different forms of osteosynthesis.

Internal fixation can be accomplished using a va-
riety of materials, like Kirschner wires, mini-plates,
plate-sheets, mini-fragment screws, and cannulated
headless screws. Patterson et al® compared 2 mm
versus 2,7 mm plates and plate-sheets in a biome-
chanics study in cadavers. They assessed fractures of
the radial neck and tested only axial loads, ultimately
determining that the 2,7 mm plates are more resis-
tant than those that are 2 mm, and that plate-sheets
of either size are the most resistant, though this last
finding failed to achieve statistical significance. Gif-
fin et al®) compared 2,7 mm plates, plate-sheets, and
3,0 mm crossed screws with respect to shear forces,
and found that the 2,7 mm plate-sheets and crossed
screws were more resistant than the 2,7 mm plates.
Ikeda et al used T plates and achieved consolidation
in all their patients without any problems pertaining
to the materials used. This study corroborates the use
of this technique. Ring et al®® used 2,0 mm plates,
2,0 mm screws, and Kirchner wires in 56 patients
with Mason II and III fractures, in whom 7 implant
flaws due to lack of consolidation were identified.
Pearce and Gallannaugh®¥ studied 19 patients treat-
ed with open reduction and internal fixation using
self-compressing screws and obtained good to excel-
lent results. In this study, we observed consolidation
in all cases without flaws in the implant, consistent
with the afore-mentioned literature.

Cannulated headless screws offer distinct ad-
vantages relative to plates, in that they require less
dissection, leading to less de-vascularization of the
proximal radius, a lower risk of injury to the inter-
osseous nerve, and less impact upon the annular
ligament®> 2%, This technique also abolishes safety
concerns relating to the placement of synthesis ma-
terial, as well as to the retreatment of materials af-
ter fracture consolidation. This translates into more
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Figure 3. Surgical technique: a — positioning of the upper limb on the auxiliary table with the forearm pro-
nated; b — opening the annular ligament and identifying the fracture; c — reduction of the fracture; d — fixa-
tion with Kirschner wires; e — placement of a cannulated headless screw; f — closing the annular ligament;
g — a sutured annular ligament; h — the sutured muscular interval

Ne 3 (38) centabpn’2011 Bonpock! pekoHCTPYKTUBHOM 1 NNACTUHECKOM XMPYPrian



HoBble TexHonorum 15

Figure 4. Summary of fracture fixation: a — fragment of the head of the anterolateral radius; b — supina-
tion of the forearm to expose the head fragment via Kocher’s approach; c — measurement from the base of
the drill to the bone, the measure reduced by 30 mm (the total true length of the drill bit), that difference
being the size of the screw; d — introduction of the cannulated headless screw; e — position of the fastened
fragment of the head of the radius; f — position of the first screw, as it fastens the head fragment at an angle
of 10-1S5 degrees to avoid concavity of the radial head; the second screw fastens with the neck and enters at an
angle between 30 and 45 degrees

rapid recovery of range of motion, as well as an ear-
lier return to daily activities and work.

Ring et al® argued for open reduction and fixa-
tion of fractures with fewer than three fragments,
an argument that is supported by our own data, in
that we achieved fixation with consolidation of all
Mason II fractures. Fractures involving the proximal
radius can develop pseudoarthrosis, which may be
asymptomatic and, hence, ignored®. As for mal-
union, we observed its occurrence in 6 of 11 cases in
one series®; in 8 of 26 cases in a second®?; and in
2 of the 42 cases described in this report.

Sanders and French®® described their results
with internal fixation in 8 patients with comminuted

fractures of the radial head; and, after 12 months of
follow-up, they concluded that fixation for commi-
nuted fractures is advisable. Ozkan®” et al studied
1S patients with open reduction and internal fixa-
tion, among whom 3 had Mason II, 8 Mason III and
4 Mason IV fractures; after an average of 32 months
follow-up, 12 patients were deemed to have had an
excellent or good result, 1 moderate, and 2 a poor
result. In our study, 15 outcomes were considered
good and 26 excellent. We believe that the differ-
ence between our study and others primarily stems
(a) from our exclusion of patients with other frac-
tures or ligamentous injuries of the elbow; and (b)
from our exclusion of Mason III and IV fractures.

Bonpock! peKoHCTPYKTUBHOM 1 NNacTUHECKOM XUPYPriu
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Figure S. The affected limb of a study case (a) pre-operatively; and (b) post-operatively

One important complication and source of inca-
pacity is any significant limitation in range of mo-
tion, with the largest losses tending to occur with
higher degree fractures®”. Our patients achieved
ranges of movement that were similar to those in
their contralateral, normal limb; and they experi-
enced a good return of prehensile strength.

In the literature, there is considerable variability
in the duration of time between the initial injury
and the repair of radial head fractures>?*. Edwards
and Jupiter®® studied 7 patients with displaced ra-
dial head fractures, operating on 3 of these within 1
week; they concluded thatis better to operate earlier
rather than later. Tkeda et al® performed fixations
in 10 patients with injuries sustained an average of
10 days previously (range = 7-16) and their results
were not unsatisfactory. Geel and Palmer®” treated
19 patients with open reduction and internal fixa-
tion, in whom there were 14 excellent and 5 poor re-
sults; like Edwards and Jupiter, they recommended
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