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COMMUNICATIONS

BLOWOUT FRACTURES OF THE ORBIT*t
BY

D. K. WHYTE
Department of Ophthalmology, Royal Infirmary, Dundee

LANG (1889) was the first to conceive the existence and probable mechanism of the blowout
fracture; however, it was not until 1943 that Pfeiffer described it as a clinical entity. There
remains a void in the literature between the time of Pfeiffer's report and the late 1950s,
and during this period there must have been many instances of this injury which went
unreported, presumably because they afforded the patient little clinical distress.

King and Samuel (1944) attributed the mechanism of the fracture to force being trans-
mitted through the globe to the orbital walls, so that the floor, which varies in thickness
from 0 5 to 1 mm. and is particularly thin near the intra-orbital groove, gives way at this
site. We have noticed that 70 per cent. of pure blowout fractures involve the postero-
medial area of the floor, that is, the area in closest proximity to the eye, before the floor
shelves down laterally to meet the lateral wall. This area, therefore, receives the brunt of
the force both because of the trigonometrical resolution of forces and because of the ab-
sence of the cushioning effect of the orbital tissues.

Smith and Regan (1957) proved that the mechanism was due to a rise in intra-orbital
pressure and not to direct bone transmission. They placed a hurling ball on to a closed
cadaver eye, the ocular tension of which had been restored by the injection of saline
and, having struck the ball with a hammer, were able to demonstrate, after dissection, a
depressed comminuted fracture of the orbital floor. The second part of the experiment
entailed the dissection of the fellow cadaver eye to display the orbital bony margin in its
entirety, exenterating the orbit and placing the ball again in its socket; they found that
repeated striking of the ball produced a fracture of the floor only when the bony rim gave
way. It was therefore concluded that the mechanism of a blowout fracture is the sudden
rise in intra-orbital pressure, and Reeh and Tsujimura (1966) coined the term "hydraulic
fracture" to cover this concept (Fig. 1, overleaf).

Smith and Regan (1957), describing the mechanism of pure blowout fractures, stated
that once the floor gave way, "gravity alone causes displacement of the orbital floor and
orbital contents into the maxillary sinus". From observations during surgery, it would
appear that, although gravity may play a part, the prime motivating force is the initial
rise in intra-orbital pressure which forces out and impacts the orbital contents into the
fractured site and makes their retrieval difficult at times.

* Received for publication March 18, 1968.
t Address for reprints: Department of Ophthalmology, University of Dundee, 10 Dudhope Terrace, Dundee.
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FIG. 1.-Pure blowout fracture, showing forces involved in the production of a blowout (hydraulic) fracture
of the orbital floor.

Classification
It must be remembered that adjacent facial bones may be involved, and Cramer, Tooze,

and Lerman (1965) have classified orbital fractures into two basic divisions:
(1) Pure blowout fracture-a rise in the intra-orbital pressure blows out the floor with

a herniation of the orbital contents into the maxillary antrum.
(2) Impure blowout fractures-associated fractures of the nasal and zygomatic bones.

Their detailed classification is shown below:

Clinical Signs
The signs of a blowout fracture are ecchymosis and oedema of the lids, enophthalmos

due to herniation of orbital contents into the antrum, diplopia due to a vertical muscle
imbalance following incarceration of either the inferior rectus or the inferior oblique or

both (this incarceration tethers the eye in sursumduction and this is also evident with
forced duction tests before and during surgical correction), and infra-orbital hypoaesthesia
or anaesthesia.

(1) Pure blowout
(a) Punched-out piece of bone
(b) Hinged bony fragment
(c) Linear fracture incarcerating muscle

(2) Impure blowout
(a) Comminuted orbital rim
(b) Le Fort II
-~~~~~~~Snasal
(c) Incontinuity fracture ethmoid

Lzygoma
(d) Discontinuity fracture zagsal
(e) Wide comminution with incarceration

(3) Blowout apparent only after open reduction ofa fracture dislocation of the zygoma
(4) Comminutedfloor-no incarceration

(a) Floor present, but sagging into the antrum
(b) Floor almost completely absent
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BLOWOUT FRACTURES OF THE ORBIT

Radiology
This is of great diagnostic importance. These fractures may be well seen either in a

straight antero-posterior film or, better still, in a 30° occipitomental (Waters) view when
one will see the "hanging drop" entity (shadow of prolapsing tissue) (Cramer and others,
1965) or the breach in the floor and bone fragments projecting into the antrum (Fig. 2).

(a) (b)

FIG. 2.-X-ray (a) and tomogram (b) of pure blow-
out fracture.

Note opaque antrum and "hanging drop" entity
in (a).

The extent of the orbital floor defect is revealed
by (b).

The antrum is usually opaque, particularly when compared with its fellow. Tomography
is required to evaluate the extent of the fracture area and its exact location. Fueger,
Milauskas, and Britton (1966) described a technique of orbitography in which they injected
a media of hypaque, xylocaine, and hyaluronidase along the floor outside the muscle cone
and demonstrated the leakage into the antrum through the defect-they considered this
better than tomography.
However, not all blowout fractures are seen radiologically. This is particularly true of

the trap-door variety, in which there is minimum bony displacement and no deficiency in
the floor (Soll and Poley, 1965). In this group, the rise in intra-orbital pressure results in a
linear fracture of the floor with herniation of orbital contents and, in particular, of the
inferior rectus; when the force is discontinued the displaced bone springs back and entraps
the herniating tissues (Fig. 3a, overleaf).
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FIG. 3.-Trapdoor blowout fracture.

(a) The inferior rectus muscle is nipped as the
fractured floor springs back into its original position.

(b) X-ray photograph of fractured orbit showing
opaque antrum and-"hanging drop" entity.

(c) Tomogram, showing the linear type of defect.

(c)

Surgery
Converse and Smith (1961) advise exploration of the floor on clinical signs alone, even

in the absence of x-ray evidence. If there is doubt, they wait 24 hours, and if vertical
muscle imbalance has increased this is regarded as a positive indication to operate. It is
agreed by all that surgery should be undertaken as early as possible because of the very
rapid repair of the orbital bones (Duke-Elder, 1954) which, if not repositioned at once,
will set in the wrong position so that considerable force is required to replace them correctly.
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BLOWOUT FRACTURES OF THE ORBIT

We favour a purely orbital approach, although in severe cases a combined orbital-antral
approach offers some advantages. If a pure antral approach is used, the depressed frag-
ment may be supported by antral packing or an antral balloon (Lewin, Rhodes, and
Pavsek, 1960). With the orbital approach, support over the displaced fragments may also
be achieved with thick, autogenous bone grafts (Smith and Converse, 1957) or synthetic
implants.
The choice of orbital alloplasts is wide but a perfect one is not yet available. Ideally, it

should be soft enough to shape easily, yet firm enough to support the globe, and it must
also be well tolerated. We have found silicone rubber implant sheeting to be satisfactory
in all these respects, and it is available in thicknesses of from 1 to 3 mm. Cramer, Tooze,
and Lerman (1965) claimed that it was superior to bone because of its inertness and
capacity to reject adhesion formation on its surface so that movement of the globe is
unimpeded. Under general anaesthesia, we make the approach incision along the lower
orbital bony margin. It is important to palpate the orbital rim when cutting down through
the orbicularis fibres lest one should inadvertently open the orbital septum with consequent
prolapse of orbital fat. Formerly an approach was advocated with an incision commencing
1 mm. below and parallel to the lid margin (Converse and Smith, 1961), but this tends to
result in a baggy lower lid post-operatively. Furthermore, the incision must not extend
too far laterally in case the lymphatics are damaged with consequent persistent oedema of
the lower lid, and the incision must not extend too far medially lest one disturb the action of
the lacrimal pump (Reeh and Tsujimura, 1966).
The periosteum is incised 2 to 3 mm. below the orbital rim and parallel to it. Great

care must be taken not to divide the infra-orbital nerve as it debouches from its foramen.
At this point, it is helpful to identify the incised margins of the periosteum with 0000 catgut
sutures, which permits ready identification of this structure when closing. Punctilious
haematosis should be secured before proceeding any further. The periosteum should be
elevated gently from the orbital floor and the orbital contents retracted up to obtain a
clear view. The defect having been identified, the herniated tissue is teased gently out;
this becomes more difficult the longer surgery is delayed-the longer one waits, the more
oedematous the contents, and if the delay extends into weeks many adhesions are
encountered.
Once the herniation is reduced, a plate of suitable size and thickness is introduced to

cover the defect. Silicone rubber has the additional advantage that no fixation is required.
Browning (1967) claimed that it was desirable to notch the posterior margin of the alloplast
where it may lie near the infra-orbital groove entrance to allow the nerve to enter without
kinking. Before closing, we spray the alloplast and tissue with a polybactrin spray.
4/0 catgut is used to close the periosteum and orbicularis and 5/0 interrupted black silk for
the skin. Antibiotic cover is provided routinely for 5 days after the operation.

Results in Ten Recent Cases
During the last 2j years, ten cases of blowout fractures have been treated. Of these,

eight were pure and two impure. It is desirable that the latter should be managed by the
ophthalmic surgeon in conjunction with a plastic surgeon, unless it is merely an accompany-
ing fracture of the orbital margin.

Types of Injury causing Blowout Fractures.-These are shown in Table I (overleaf).
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TABLE I
TYPES OF INJURY

Type of Blowout Pure Impure

No. of Cases 8 2

Collision with Dashboard 1
Punch 2
Fall 2
Kick 1 1 fracture zygoma
Fall against Door 1 fracture orbital margin
Bottle assault 1 0
Potato (hurled) 1 0

From the point of view of the precipitating trauma, the agencies are seen to conform
with the principle that objects such as golf balls will impart their total kinetic energy to
the globe itself with a subsequent rupture, whereas objects such as fists, boots, etc., have a
larger area of contact; they are thus prevented from deep penetration of the orbit by its pro-
tective margins and therefore produce a sudden rise in intra-orbital pressure, the globe
usually being spared the direct impact. In this series there were no global ruptures
associated with the orbital fracture. The governing factor is the area over which the force
is applied because the force required to rupture the globe is much higher than that required
to produce a blowout fracture. If this were not so the incidence of associated scleral
rupture would be much higher. Rupture of the globe occurs only when the area of impact
is concentrated on the eye itself and not dissipated over the entire orbit.

Coincident Ocular Trauma.-Although scleral rupture is a rare accompaniment, Table II
shows that coincident ocular trauma is common.

TABLE II
OCULAR TRAUMA COINCIDENT WITH INITIAL TRAUMA

IN TEN CASES

Ocular Damage No. of Cases

Ecchymosis and Subconjunctival Haemorrhage 8
Hyphaema 1
Cleft Drainage Angle 1
Dislocated Lens 0
Traumatic Cataract 0
Choroidal Tears 0
Commotio Retinae 2
Scleral Rupture 0

The almost invariable ecchymosis and subconjunctival haemorrhage may be accompanied
by commotio retinae, hyphaemata, and, in particular, cleft drainage angles, together with
the usual complications of blunt ocular trauma. Milauskas and Fueger (1966), in a series
of 64 cases, gave the incidence of serious ocular complications as 14 per cent.

Clinical Signs.-On presentation the most constant sign is "tethering" of the globe on
attempted sursumduction (80 per cent. cases); enophthalmos and infra-orbital anaesthesia
were seen in 30 per cent. of cases (Table III).
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BLOWOUT FRACTURES OF THE ORBIT

Radiologically, the "hanging drop" entity and opaque antrum were present in 80 per
cent. of cases; only in one case was there still doubt after tomography and this was sub-
mitted for surgery on clinical grounds alone (Table III).

TABLE III
CLINICAL AND RADIOLOGICAL SIGNS

Signs on Presentation No. of Cases

Ecchymosis and Subconjunctival Haemorrhage 8
Enophthalmos 3
Tethering (restriction of elevation) 8
Infra-orbital Anaesthesia 3

Hanging drop 8
Radiological Findings Opaque antrum 8

Doubtful tomogram 1
Definite tomogram 9

Post-operative Findings (Table IV).-Residual diplopia associated with a vertical muscle
imbalance was present in three cases, but this was attributed to an accompanying partial
third nerve palsy in the first case, a delay of 3 years between injury and surgery in the
second, and severe laceration of the inferior rectus muscle by bone spicules in the third.
A mechanical hypertropia is an invariable accompaniment after the introduction of the
silicone plate during the ensuing healing period. This resolves to between 0 5 and 4A
within a few months of injury and this is within the vertical fusional reserve. The higher
figures in our series occurred where there was an accompanying third nerve palsy and
surgery was much delayed.

TABLE IV
RESULTS OF TREATMENT

Post-operative Findings No. of Cases

Residual Diplopia (i.e. from 3 months post-operatively) 3*
Hypertropia (varied from j to 6A) 8
Enophthalmos 0
Exophthalmos 0
Persistent Lid Oedema 0
Excessive Tissue Reaction (all silicone implants) 0
Infection 2
Extrusion (all silicone implants) Ot
Poor Cosmetic Appearance 0
Infra-orbital Hypoaesthesia 3

* One case coincident third nerve palsy
One case 3-year interval before surgery undertaken
One case extensive damage to inferior rectus by initial trauma

t The longest has now been in situ for 27 months

Of the two cases of infection, only one was considered severe enough to raise the
question of removal of the silicone alloplast, but this resolved with antibiotic treatment.
There has been no undue tissue reaction and no extrusion of any of the implants, the
longest having now been in situ for 27 months.
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Conclusion
Blowout fractures are a common accompaniment of blunt trauma to the eye. The

diagnosis of this occurrence increases with awareness; this is particularly true of casualty
officers who are likely to see these cases in the first instance. The general acceptance of
the orbital approach in the repair of such injuries has undoubtedly brought this operation
into the ophthalmic surgeons' repertoire and, rightly so, even if for no reason other than
the possible accompanying ocular complications. In uncomplicated cases, the success rate
of operation, particularly when undertaken at an early stage, is high. Delay and
accompanying fractures reduce the chances of a good result from both a functional and a
cosmetic point of view.

Summary
The pathogenesis and clinical and radiological features of blowout fractures of the

orbit are discussed. Emphasis is placed on the need for early surgical correction. The
use of silicone rubber plates in reconstruction of the orbital floor is described. The infra-
orbital approach to the floor is advocated. Ten cases are described and the results analysed.

I wish to thank Dr. W. M. Haining for his helpful advice in the preparation of this paper, and Dr. W. M.
Haining, Dr. R. M. Mathers, and Dr. A. K. Tulloch for allowing access to patients admitted under their
care. I am indebted to Mr. F. M. Duncan, A.R.P.S., for the preparation of the diagrams.
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