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Background: High-pressure injec- atively, with a mean delay of 11.7 hours. Conclusion: Deterioration of hand
tion (HPI) injury of the hand is a serious The patients were examined by a doctor function is a predictable outcome of HPI
injury that can be potentially devastating. and an occupational therapist using a injury. This information should be shared
There have been a number of publications work simulator. with the patient at the outset so as to avoid
on the results of its treatment, but we are Results: Our study revealed a signif- subsequent disappointment.
not aware of a report on the functional icant reduction of static and dynamic Key Words: High-pressure injection,
outcome of these hands. muscle testing parameters compared with  Work simulator, Dynamic muscle testing,

Methods: we assessed the func- the uninjured hand. Six patients lost a Functional outcome.
tional outcome of 15 patients with HPI digit and four patients had to change their
injuries. All patients were treated oper- occupation after the injury.

J Trauma.2001;50:717-720.

igh-pressure injection (HPI) injury is a true hand sur-who have been inadequately treated at the outset usually

gical emergency. The mechanism and pathogenesis @éturn to the hospital hours later with excruciating pain and

the injury is well described by many authdfs. Al- inability to move the involved digit or hand, attracting as-
though the nondominant index finger has been reported to beessment by a more senior member of the staff, or a hand
a frequent site of injury, this is not a uniform finding through- surgeon. The aim of our study is to outline the prognosis of
out the literaturé® The injected material may course volar to HPI injuries in an attempt to provide objective information
the tendon sheath or enter it. It may track into the forearmabout the functional outcome of these injuries. This informa-
proximally in case of an injury to the thumb or little finger via tion would be useful when counseling patients at the outset
the radial and ulnar bursae, respectivelreaching the and help to avoid disappointment as a result of unrealistic
sheath is infrequent because the flexor sheath offers a greatexpectations.
resistance than other soft tissue planes, such as the neurovas-

cular bundl€> The degree of damage can vary depending O?ATlENTS AND METHODS

the injection pressure and the type of injected material. Th :
outcome of HPI injuries may often be unsatisfactory, with Al 46 patients treated at the Pulvertaft Hand Center as a
considerable loss of hand and finger function. With high-reésult of HPlinjury between 1986 and 1998 were contacted

irritant materials, high pressures, and large amounts of inPY Mail or telephone. As this particular group of patients are

jected material, the damage can be so extensive that salva§bactive working age, they have a tendency to move across
may not be possible. The reported amputation rates after HS{'€ country, and it is often not easy to contact them a long
in the literature range up to 48%. time after treatment. Hence, only 15 patients made them-
Unfortunately, there is still considerable lack of aware-S€lves available for review. _ _
ness regarding this condition. There have been cases where 1€ initial assessment always included radiographs of
victims have been sent home by emergency department stdff€ involved part, because some types of material may show
with reassurance and simple pain medication. This may stetP On the radiograph, which may be helpful to determine the
partly from the fact that the visible injury may appear quite €Xt€nt of injury. Antitetanus toxoid and broad-spectrum an-
trivial, taking the form of a pin-prick or graze. However, tibiotics were administered to every patient at arrival. All

decompression with debridement of all involved tissues iPatients were treated by surgical exploration, debridement,
essential for all but a small number of HPI injuries. Patients2nd wound lavage. The operation was performed under bra-
chial plexus block or general anesthesia. A tourniquet was
used, but exsanguination of the arm was achieved only by
Submitted for publication June 17, 2000. elevation. The surgical procedure consisted of exposing the
Accepted for publication December 18, 2000. involved digit through a volar zig-zag incision usually ex-
Copyright © 2001 by Lippincott Williams & Wilkins, Inc. tending into the palm and, on occasion, more proximally. A
From the Pulvertaft Hand Centre, Derbyshire Royal Infirmary, Derby, . . . Y
United Kingdom. meticulous debridement of all contaminated or devitalized
Address for reprints: Frank Burke, MD, Pulvertaft Hand Centre, Der-tissues was performed with saline irrigation. The wound was

byshire Royal Infirmary, London Road, Derby DE1 2QY, United Kingdom. loosely sutured or left open for later closure. All patients
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EIAOMNOIHZH: NMPOEIAOMNOIHZH ZXETIKA ME TOYZ
NMEPIOPIZMOYZ NINEYMATIKQN AIKAIQMATQN

O VOHOG NVEUHATIK®V SIKAIWHATOV TV Hvopévov MoAiteiov (TitAog 17,
HvwpéVOoG KWIIKAG) €AEYXEI TRV NAPAYWYR TOV (POTOTUNIOV i AAAwvV
avanapaymwywv Tou UAIKoU. YNO OpPICHEVOUG OpouG nou JieukpividovTal
oTO VOHO, o1 PBIBAIOONKeG kai Ta apxeia efouciodoToUvTal yia va
€podiaoouv Hia pwToTunia i adAAn avanapaywyn. ‘Evag andé autoug Toug
SIEUKPIVIOHEVOUG OpOUG €ival OTI n poToTUnia i n avanapaywyrn O&gv
NPOKEITAl «Vva Xpnoigonoin®si yia onolodnnote okonod &€KTOG aAnd Tnv
IBIOTIKA MEAETN, TNV uUnoTpo®ia nf Tnv é£€psuva». Eav &vag XpRorTng
unoBdaAA&l éva aiTnpa, N apyoTepa XPnoiHONOINCEl, Hia pwToTUNIa | TV
avanapaymwyn yia Adyoug napandvw anodo Tn «Jdikain XpRon», autog o
XPNOTNG HNopPEei va eivar unglBbuvog yia TNV napdfacn NVEUHATIK®OV
JIKaIWHAaTmv. AuTto To Opyavo diaTtnpEsi To dikaiopa va apvnOesi va dexTei
HIa diaTayn NVEUHATIK®OV JSIKAIOMATOV €AV, oTnNV Kpion TnG, N eKNARpwaon
™G diatayng O0a nepisAaupave Tnv napapiaocn Tou VOHOU NVEUHATIK®OV
OIKAIWHATWV.
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started immediate physiotherapy. Splints were used initial \RESULTS

to hold the fingers in a functional position and later dynam-  The average age of the patients at review was 44 years
ically to regain better digital flexion and extension. _ (range, 21-64). The dominant index was the most frequently
The average follow-up period was 73.5 months, rangingnjyred digit. The injected material was hydraulic oil in seven
between 6 and 144 months. The clinical examination Wa$atients, and grease, paint, water, and animal vaccine in two
performed by a hand surgeon (E.Y.M. or L.C.) and thegach The average number of doctors seen before definitive
functional assessment by a senior occupational therapisteaiment was 2.4 (range, 1-4). The delay between injury and
Data concerning hand dominance, site of injury, injected, e ation ranged from 3 to 30 hours, with a mean of 11.7
material, and time from injury to operation were recorded.,, s patients had to undergo 2.8 operations on average
The number of doctors seen before a treatment plan w ange, 1-16). The average debridement delay for amputees

constructed was identified, as was the number of operatio as 14.5 hours compared with nonamputees at 9.8 hours

each pa_t|ent un_derw_ent. Amputated digits were also reCorde({“Table 1). The difference is not statistically significant.
The patient satisfaction about the outcome (not the treatment) o
The average reduction in grip strength was 7.9 kg (range,

was measured using a visual analogue scale. The patie a1 kg), or 19%, compared with the uninjured hand, which

were also asked wheth_er_ they had to change their employ(,;las statistically significanty(= 0.034). Similarly, the lateral
ment as a result of the injury. inch 18K 05-83 k 230
The static muscle power was examined by measurin €y pinch was on average .o kg (range, e g) or 0
educed | = 0.018), and the three-point pinch was 1.7 kg

maximum grip strength, lateral key pinch, and three-poin o
pinch using the Jamar dynamometer and pinch gauge (JaszF?nge’ 0‘3__:_)"5 kg)_or 24.6% r(_aducquj:é 0.002) compared
th the uninjured side. Dynamic muscle power was down by

Jackson, MI). The results were correlated with the uninjured’vI
side. an average of 2.7 W (range, 0.5—-8.5 W), a decrease of 26.9%
A BTE Work Simulator (Baltimore Therapeutic Equip- (P = 0.02) (Table 2). _ _
ment, Hanover, MD) was used to assess dynamic muscle S€nsory testing could not bg performgd in three.p'atlents
power. This is a reflection of the power generated by awho had undergone ray amputation of the involved digit. The
repetitive activity and is measured in watts (W). The workfeémaining 12 patients had different degrees of sensibility.
output of the affected hand was compared with the nonafd he D2.83 Semmes-Weinstein filament is generally accepted
fected hand, with both hands working with 50% of their s a cut-off reference for normal versus abnormal peripheral
maximal force. The onset of fatigue was monitored. This tesfierve functior. According to this, only one patient had
is indicative of the tolerance to repetitive activity and musclenormal sensation. Seven patients had diminished light touch,
fatigue. Sensitivity testing was performed using the Semmeghree had diminished protective sensation, and one had loss of
Weinstein monofilament aesthesiometer. The differences basrotective sensation. Six cases resulted in amputation. Three
tween the injured and uninjured sides were compared usingf four patients who changed their occupation after the injury
the two-tailed Student’stest. A probability value of less than were amputees. The average patient satisfaction was 7 (range,
5% (p < 0.05) was considered to be significant. 1.9-10) on the VAS.

Tahle 1 Details of the Patients in the Seried

Fol(lr(;g)- UP Dominance Site Material Dg(;tec:s D(erl‘;;\y Op':(:z;lt(i)ctns Sensibility Amputation Sat(l;fg((:);lon
Case 1 84 R Rindex  Grease 3 24 3 N/A Index ray 55
Case 2 144 L L index Paint 1 9 2 F3.61 Proximal phalanx 100
Case 3 6 L L middle Grease 3 3 1 F3.61 None 82
Case 4 68 R R thumb  Hydraulic oil 3 30 1 J4.31  None 95
Case 5 22 L L ring Hydraulic oil 3 10 1 D2.83 None 100
Case 6 68 L L palm Pig vaccine 1 5 16 F3.61  Thumb metacarpal 100
Case 7 132 L L index Hydraulic oil 3 5 1 K4.56 None 98
Case 8 87 R L thumb  Chicken vaccine 2 8 2 F3.61 None 50
Case 9 80 R L index Hydraulic oil 2 24 4 N/A Index ray 40
Case 10 82 L L middle  Hydraulic oil 4 11 4 N/A Middle ray 19
Case 11 46 L R middle Paint 2 14 3 J4.31  Middle phalanx 23
Case 12 35 L L ring/little Water 3 8 1 J4.31  None 70
Case 13 8 L L index Hydraulic oil 2 9 1 F3.61 None 100
Case 14 115 R R palm Water 2 4 1 F3.61 None 48
Case 15 126 R R index Hydraulic oil 2 12 1 F3.61 None 75

@ Sensory evaluation given as the thinnest Semmes-Weinstein filament felt. D2.83 is the limit for normal sensation, F3.61 for diminished light
touch, and J4.31 for diminished protective sensation. K4.56 and thicker filaments indicate loss of protective sensation (7). Satisfaction measured
on visual analogue scale (0 = totally dissatisfied, 100 = totally satisfied).
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Tahle 2 Static and Dynamic Measurements of the Patients at Follow-up

Grip Strength (kg) Pinch Srength (kg) Three-Point Pinch (kg) Muscle Power (W)
Injured Hand Normal Hand Injured Hand Normal Hand Injured Hand Normal Hand Injured Hand Normal Hand
Case 1 22.6 31.00 8.0 16.3 10.3 10.60 6.0 6.8
Case 2 51.0 65.00 6.1 6.3 41 6.80 12.3 18.5
Case 3 54.0 53.50 7.1 7.8 3.6 6.60 11.4 11.2
Case 4 46.6 40.00 4.8 3.8 2.8 3.10 6.1 9.1
Case 5 45.6 49.00 7.1 8.6 4.3 3.30 6.9 9.8
Case 6 39.0 46.00 4.9 6.7 4.4 6.80 3.5 12.0
Case 7 22.9 39.60 1.4 1.6 3.8 410 7.8 12.5
Case 8 29.0 39.30 41 4.6 1.5 3.80 7.8 6.5
Case 9 19.3 4.00 1.0 4.5 1.5 4.00 2.9 10.7
Case 10 16.6 47.30 4.8 5.8 .9 3.83 4.5 12.2
Case 11 22.6 54.00 4.6 6.5 2.3 6.75 3.9 41
Case 12 46.6 59.60 8.8 12.5 7.6 10.00 7.6 8.4
Case 13 51.0 64.00 7.5 7.8 104 9.75 13.0 114
Case 14 46.9 38.20 15.3 20.0 10.3 12.60 7.2 7.6
Case 15 40.6 42.60 7.3 7.0 9.1 10.00 7.9 8.1
DISCUSSION their 26 patients treated by early surgery did not do as well as

The outcome of high-pressure injection injuries of theexpected, whereas several with later surgery recovered
hand is affected by many factors. The time between injurysatisfactorily%o Lewis et al. reviewed a case series of HPI
and operative treatment has been regarded as a key deterrifijuries and found that those requiring amputation had, par-
nant by a number of authors. Stark et al. drew the conclusioadoxically, a shorter interval between injury and surgéry.
that patients undergoing decompression earlier than 10 hours It is difficult to draw any conclusive evidence from these
fared bettef They had seven “early attenders,” but two of studies, because there seems to be a multitude of factors in
them were injuries into the palm, which are known to haveplay. From the information available to us, however, it seems
better outcomes than digital injuries because of more spadgkely that the time factor has so far been overestimated. If the
available for expansion. An additional two patients hadpressure is high and the injected material toxic enough to
thrombosed digital arteries at exploration, although thesause vascular damage, it may not be possible to salvage the
digits survived, and one had an amputation. Conversely, fougigit, however early the decompression is performed. Mason
of the seven late cases that were operated on at 1 day toghg Queen considered in 1941 that “Pressure accounts for the
weeks after the injury had an amputation. The study of Starkayly development of gangren®"Furthermore, the tissue
et al. was limited to paint injuries, but the type of paint is yamage may continue even after debridement if the material

unknown. Spirit- or oil-based paints are more noxious thang g ficiently toxic® The average delay before debridement
those that are water based. Early decompression had alre

be regarded as proper treatment, although it may have re- . : : :

. - . well, allowing us to confirm the complexity and multifacto-
duced the pressure in the digit and disposed of at least some”, . L . )
. . rial involvement of these injuries. It is certainly best to
injected material.

Pinto et al. have reported on the outcome of 25 patientge_r(gorm thﬁ op(ral_rat!onhas soon as pos&bl(;a, but _there 'S “t:e
injured with a variety of materials with a mean follow-up of evidence that this Is the most important determinant on the

10 months’ They came up with the lowest amputation ratesOutcome. . L
in the literature (16%), and postulated that presentation after 1he nature of the injected material is probably more
more than 48 hours precluded application of their consisterff?Portant. It has been noted by many authors that injuries
practice of aggressive early debridement and open wounWith paints have a worse outcome than those with oil or
packing, which they thought was responsible for the favorgrease:>®1®**There is also a distinction on the basis of
able results. They did not provide details of the delays enpaint types. Spirit-based paints cause damage by disintegra-
countered in the treatment of each patient. It s likely, thoughtion of cell membrane$,whereas oil-based paints cause an
that many of the late cases did well if one takes into accounintense inflammatory responséLatex paints in a water base
the average delay of 2.5 days from injury to treatment, withare known to be least noxious. Injuries with water, air, or
a wide range between a few hours and 8 days. low-volume vaccines (e.g., chicken vaccine) may be amena-
Gelberman et al. have not been able to confirm theble to nonoperative treatmett!®Our patients were too few
relationship of the delay to the outcome. A large number ofto be analyzed in subgroups of injected material.
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The ejection pressure from the gun and the amount ofVhere necessary, these patients should be encouraged to
injected material are yet other considerations. Pressurensider retraining for alternative occupations to prevent
greater than 7,000 Ib/rare reported to have a 100% ampu- them from becoming disabled.

tation rate* However, it is usually difficult to establish these
variables, except in the case of vaccines where delivery is in

fixed amounts. Increasing volume is known to have an adREFERENCES

verse effect on the outcomt®.The unfavorable outcome of 1.
the patient injured with pig vaccine (2-mL dose) in our series
confirms this, as opposed to the patient with chicken vaccine®
(0.2-mL dose). The site of injection can be viewed in con- 4
junction with the volume. Digital injection injuries do worse
than palmar injuries because of the limited space available fora.
expansiorf*®* The nondominant index finger has been re-
ported to be a frequent site of injury because it is commonly 5
used to wipe the tip of a blocked nozZ&although this is not
a uniform finding throughout the literatuf8.The dominant
index finger was more often injured in our series. 7.
The injury is characterized by marked limitation of joint
motion, with restricted tendon excursion because of local
swelling. All of our patients started immediate postoperative
physiotherapy. The swelling also responded well to early g
application of intermittent custom-made pressure garments.
The dynamic gripping test requires coordinated, firm,
repeated grip and the ability to tolerate contact with a harol10
surface. All these elements are necessary in daily manipula-"
tive function and simulate a person’s ability to use their hand;;_
in a productive manner. This ability was reduced by an
average of 26.9% on the injured side. The grip strength was
reduced by 19%, the lateral key pinch by 23%, and thel?:
three-point pinch by 24.6%. Four patients had to change their
occupation, and they all had a reduction of both static and
dynamic parameters. 13.
These findings emphasize the need to explain the sever-
ity of the HPI injury to the patients at the outset. They should™*
be warned that the function of the injured hand is likely to be, ¢
permanently compromised in terms of strength, power, and
sensation to enable them to realistically plan for the future.

720

Kaufman HD. The clinicopathological correlation of high-pressure
injection injuries.Br J Surg.1968;55:214-218.

Lewis RC Jr. High-compression injection injuries to the hafwherg
Med Clin North Am.1985;3:373-381.

Dickson RA. High pressure injection injuries of the hand. A clinical,
chemical and histological studiand.1976;8:189-193.

Schnall SB, Mirzayan R. High pressure injection injuries to the
hand.Hand Clin. 1999;15:245-248.

Neal NC, Burke FD. High pressure injection injuriégury. 1991,
22:467-470.

Schoo MJ, Scott FA, Boswick JA. High pressure injection injuries of
the hand.J Trauma 1980;20:229-238.

Bell-Krotoski JA. Sensibility testing: current concepts. In: Hunter
JM, Mackin EJ, Callahan AD, ed&ehabilitation of the Hand:
Surgery and Therapyith ed. Philadelphia: Mosby; 1995:110-130.
Stark HH, Ashworth CR, Boyes JH. Paint gun injuries of the hand.
J Bone Joint Surg An967;49:637—-647.

Pinto MR, Turkula-Pinto LD, Cooney WP, Wood MB, Dobyns JH.
High-pressure injection injuries of the hand: review of 25 patients
managed by open wound technigdeHand Surg [Am].1993;
18:125-130.

Gelberman RH, Posch JL, Jurist JM. High-pressure injection injuries
of the hand.JJ Bone Joint Surg Anl975;57:935-937.

Lewis HG, Clarke P, Kneafsey B, Brennen MD. A 10-year review
of high-pressure injection injuries to the haddHand Surg [Br].
1998;23:479-481.

Mason ML, Queen FB. Grease gun injuries to the hand: pathology
and treatment of injuries (oleomas) following the injection of grease
under high pressur&uarterly Bulletin of Northwestern University
Medical Schoal1941;15:122.

Gillespie CA, Rodehaver GT, Smith S. Airless paint gun injuries:
definition and managemenAm J Surg.1974;128:383-391.

Peters W. High-pressure injection injuri€an J Surg1991;
34:511-513.

Couzens G, Burke FD. Veterinary high pressure injection injuries
with inoculations for larger animald. Hand Surg [Br] 1995;
20:497-499.

April 2001



