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Factors Affecting Forearm Compartment Pressures in Children
with Supracondylar Fractures of the Humerus

*Todd C. Battaglia, M.D., tDouglas G. Armstrong, M.D., and tRichard M. Schwend, M.D.

Study conducted at The Children’s Hospital of Buffalo, New York, U.S.A.

Summary: This study evaluated forearm compartment pres- pressures was also evaluated; flexion beyond 90° produced
sures in 29 children with supracondylar humerus fractures. significant pressure elevation. We conclude that forearm pres-
Pressures were measured before and after reduction in the dorsures after supracondylar fracture are greatest in the deep volar
sal, superficial volar, and deep volar compartments at the proxi- compartment and closer to the fracture site. Pressures greater
mal 1/6th and proximal 1/3rd forearm. Pressures in the deep than 30 mm Hg may exist without clinical evidence of com-
volar compartment were significantly elevated compared with partment syndrome. To avoid unnecessary elevation of pres-
pressures in other compartments. There were also significantly sures, elbows should not be immobilized in >90° of flexion
higher pressures closer to the elbow within each compartment. after these injuriesKey Words: Compartment syndrome—
Fracture reduction did not have a consistent immediate effect Forearm compartment pressure—Pressure measurement—
on pressures. The effect of elbow flexion on post-reduction Supracondylar humerus fractures.

Supracondylar fracture of the humerus is a common esthesia, pallor, and poikilothermia (19,21,34). Unfortu-
injury in children, comprising 3%-18% of all pediatric nately, these signs are not always reliable, and compart-
fractures and 60% of pediatric fractures about the elbow ment syndrome may remain undetected until permanent
(3,11,22). It is an injury associated with a number of damage has occurred (1,19,26,34).
well-known complications (9), one of the most feared In attempts to detect elevated compartment pressures
being compartment syndrome of the forearm. First de- and allow intervention before irreversible ischemia and
scribed by Volkmann in the 19th century (32), forearm necrosis occur, a number of authors have studied tech-
compartment syndrome is a constellation of signs and niques and applications of direct intracompartmental
symptoms related to increased pressures within the pressure monitoring. Although most studies agree that
closed fascial spaces of the forearm, leading to vascularpressure measurements are a useful indicator of risk of
compromise and tissue ischemia, which may ultimately compartment syndrome in the forearm and at other sites,
result in myonecrosis. The incidence of compartment authors disagree on criteria such as measurement tech-
syndrome following pediatric supracondylar humerus nique and significant threshold values (6,14,19,20,25,26,
fracture may be estimated from the literature to be 1 to 3 33). Currently, pressure monitoring is considered to be
per 1000 fractures (2,31,35). indicated when compartment syndrome is suspected

The pathophysiology by which increased compart- clinically. A pressure greater than 30 mm Hg or within
ment pressures lead to muscle ischemia is debated, but i20-30 mm Hg of diastolic blood pressure is then re-
likely through a combination of arterial spasm, small ported to be indication for fasciotomy (6,19,21,24,25,
vessel collapse, and increased venous pressure (23). Th&4). The usefulness of compartment pressure monitoring
classic clinical signs of compartment syndrome are well is confounded, however, by studies that have demon-
known, and include the “6 Ps” — pain (especially with strated large variations in pressure over small distances
passive motion), and later, paralysis, pulselessness, parin the limb (28), and depending on limb position (7,27)

as well as distance from the fracture site (8).

. . The purpose of our study was to describe variations in
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pressures, and the immediate effects of fracture reduc-(83%); all were closed injuries. Fracture type was as-
tion. We compared pressures after Type Il and Type lll sessed using Gartland classification (5) and only isolated
fractures, and after closed versus open reduction. Finally, Type Il and Type lll fractures were included. All but one

we examined the effect of elbow position on post- fracture appeared radiographically to have occurred in an
reduction pressure. From our results, we provide guide- extension-type mechanism. The elapsed length of time
lines regarding the role and interpretation of pressure between injury and operation averaged 8.1 hours, with a
measurements in the evaluation of forearm compartmentrange of 2.5-25 hours. The appearance of the limb, in-

syndrome after supracondylar humerus fracture. cluding the presence of ecchymosis, edema, vascular in-
jury, or neurologic impairment was noted.
MATERIALS AND METHODS Forearm compartment pressures were recorded under

sterile conditions using a standard anesthesia arterial line
Twenty-nine patients with a total of 29 Type Il or monitor and pressure transducer attached to a 16-gauge
Type |l supracondylar humerus fractures were studied. intravenous needle. (An 18-gauge needle was used for
All patients were seen at the Children’s Hospital of Buf- smaller patients.) Immediately after induction of general
falo, NY between June 1997 and January 1999 and anesthesia, and before any fracture manipulation, com-
treated by authors D.A. or R.S. Included were 11 males partment pressures were measured in the superficial vo-
and 18 females, with an average age of 7.2 years (stan-lar (SV), deep volar (DV), and dorsal (DR) forearm com-
dard deviation [SD], 2.8 years; range, 1.8-15.5 years). partments. Within each compartment, the following
There were five Type Il (17%) and 24 Type Ill fractures locations were used: (1) 1/3 the distance from antecubital

TABLE 1. Summary of compartment pressures

Fractures
Distance from Before or Type I Type Il All
Compartment elbow crease after reduction (n=05) (n = 24) (n = 29)

Superficial volar 1/3 Before 7.3+£25 129+75 12.1+7.3
Superficial volar 1/3 After 10.5+1.0 14.8+10.1 14.2+94
Superficial volar 1/6 Before 15.0+15.5 24.1+15.6 22.8+15.5
Superficial volar 1/6 After 12.8+6.6 22.0+13.0 20.7+12.6
Deep volar 1/3 Before 8.3+29 19.7+7.7 18.1+8.2
Deep volar 1/3 After 9.3+3.0 19.7 +10.5 18.2+10.5
Deep volar 1/6 Before 20.7+16.8 349+194 32.9+19.3
Deep volar 1/6 After 176+11.8 27.8+13.5 26.0+13.6
Dorsal 1/3 Before 53+6.1 15.0+10.2 13.6 £10.2
Dorsal 1/3 After 74+7.0 15.1+9.0 13.8+9.1
Dorsal 1/6 Before 6.0+5.3 257+123 229+135
Dorsal 1/6 After 9.6+6.2 21.1+11.4 19.0+115
Deep volar 1/3 After* 9.3+3.0 20.2+9.9 18.4+9.9
Deep volar 1/3 Aftert 14.0+4.7 21.9+8.4 20.6 +84
Deep volar 1/3 Afters 155+6.8 244 +11.2 23.0+11.0
Deep volar 1/3 After§ 43.0+2.2 59.8 £30.6 57.1+28.6

Elbow flexion: *0°, t40°; $90°, §120°.
Data (mm Hg) shown as mean * standard deviation.
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crease to wrist crease and (2) 1/6 the distance from an-curring between these variables. No significant interac-
tecubital crease to wrist crease. This resulted in a total of tions were found except for the effects of reduction (pre-
4 volar measurements (SV 1/3, SV 1/6, DV 1/3, and DV versus post-reduction) and distance from elbow crease
1/6) and 2 dorsal measurements (DR 1/3 and DR 1/6) (1/3 vs. 1/6) P < 0.05). Accordingly, all other variables
(Fig. 1). All pressures were measured in the approximate were assessed individually.
midline of the extremity following previously described The effect of elapsed time from injury to operation
techniques to avoid neurovascular structures (13). was analyzed using correlation matrices and Fistierz

The majority of fractures (76%) were then treated with conversion. Two-sided pairddests were used to assess
closed reduction and percutaneous fixation; seven (24%)the effects of distance from elbow crease, compartment,
underwent open reduction after inadequate results of theand reduction. Due to the interaction of reduction and
closed procedure. All fractures were fixed using crossed distance from elbow crease, we analyzed reduction at
medial and lateral Kirschner wires. After surgery, with each distance separately. Fracture type and reduction
the patient still under anesthesia, all pressure measure-method were analyzed with single factor ANOVA and
ments were repeated. In addition to the previous six mea- Fisher projected least significant difference (PLSD) post
surements, three additional post-reduction pressureshoc testing. The effect of elbow flexion on post-
were measured. All were taken in the DV 1/3 location, reduction pressure was calculated using a repeated mea-
with the elbow in 40°, 90°, and 120° of flexion. (All  sures ANOVA with Fisher PLSD. For all statistical mea-
other pre-reduction and post-reduction pressures weresures, a significance level & < 0.05 was used.
recorded with the elbow in full extension.)

Seven variables with potential effects on compartment RESULTS
pressure were analyzed as follows: (1) elapsed time from
injury; (2) fracture type (Il versus Ill); (3) compartment Mean overall pressures at each location are provided

(SV versus DV versus DR); (4) distance from elbow in Table 1. The greatest pre-reduction pressures were
crease (1/3 vs. 1/6); (5) reduction (pre-reduction vs. post- recorded in the DV 1/6 location (meaa 32.9 + 19.3
reduction); (6) reduction method (closed versus open); mm Hg). The greatest post-reduction pressures were also
and (7) post-reduction flexion (0° vs. 40° vs. 90° vs. found in this location (26.0 £ 13.6 mm Hg). The lowest
120°). A multifactorial analysis of variance (ANOVA) pre-reduction readings were in the SV 1/3 location
was performed to assess any statistical interactions oc-(12.1 + 7.3 mm Hg), whereas the lowest post-reduction
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FIG. 2. Mean pressures for Type Il and Type Il fractures. DR, dorsal; DV, deep volar; Pre, pre-reduction; Post, post-reduction; SV,
superficial volar.
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FIG. 3. Effect of compartment on pre- and post-reduction pressures. *P < 0.05: deep volar compartment differed significantly from both
superficial volar and dorsal. Superficial volar and dorsal did not differ significantly from each other.
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FIG. 4. Effect of distance from elbow crease on pre-reduction pressures.
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pressures were in the SV 1/3 location (14.2 £ 9.4 mm or DR (P < 0.05) compartments. The SV and DR com-
Hg) and in the DR 1/3 (13.8 + 9.1 mm Hg) location. partments did not differ when compared direct ¥
0.05). These relationships were consistent before and af-
ter reduction (Fig. 3). Prior to reduction, the average DV
pressure was 8.0 mm Hg greater than the average SV
pressure and 7.2 mm Hg greater than the average
DR pressure. After reduction, these differences were 4.7
mm Hg and 5.7 mm Hg, respectively.

Effect of elapsed time from injury

Correlations of elapsed time with the mean pressure in
each location were all negative, withvalues ranging
from —0.093 to —0.56; however, none approached statis-
tical significance P > 0.05 for all). There was also no
significant correlation between elapsed time and maxi-
mum pre-reduction pressure € -0.222;P > 0.05).

Effect of distance from elbow crease

Effect of fracture type Overall, the effect of distance from the elbow crease

Figure 2 compares pressures after Type Il fractures (1/3 versus 1/6) was highly significanP (< 0.0001).
and after Type Ill fractures at each location. Pressures prior to reduction, pressures measured at the 1/6 distance
after Type Il fractures followed similar trends to those \ere 11.6 mm Hg greater, on average, than pressures at
after Type Il fractures in all analyses, although at each e 1/3 distance. Post-reduction, pressures measured at
location, Type Il fractures exhibited pressures 5-19 mm {ne 1/6 distance were 6.8 mm Hg greater. Data are shown
Hg lower than the coryesponding Type llI fracture.val- for each individual compartment in Figures 4 (pre-
ues. Many of these differences approached but did noteqyction) and 5 (post-reduction). Within every compart-

reach sta_tlstlcal _S|gn|f|cance. However, because theremem, before and after reduction, pressures were higher
were no interactions between fracture type and other ynen measured closer to the elbow crease.

variables, we were able to group and compare all pres-
sures occurring after Type Il fractures with all after Type
Il fractures. This resulted in a highly significant differ-
ence, with the average pressure after Type Il fracture
10.1 mm Hg lower than that after Type Il fracturie €

Effect of reduction
Because of the statistical interaction between the ef-
fect of reduction and distance from the elbow crease, the

0.0001) effect of reduction was analyzed at each distance sepa-
' ' rately. Reduction did not significantly alter pressures at
Effect of compartment the 1/3 distanceR > 0.05), but did lower pressure at

Significantly higher pressures were recorded in the the 1/6 distance by 4.3 mm Hg on averag§e=£ 0.001)
DV compartment when compared with the S®¥< 0.05) (Fig. 6).
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FIG. 5. Effect of distance from elbow crease on post-reduction pressures.
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FIG. 6. Effect of reduction on pressure. NS, not significant.

Effect of reduction method tient, another had a weak but dopplerable radial pulse.
Open reduction resulted in greater overall post- Seven patients exhibited signs of anterior interosseous
reduction pressures than did closed reduction, with a nerve (AIN) dysfunction. In 4 patients, AIN weakness
mean pressure difference of 6.8 mm Hg € 0.0001). was associated with other neurovascular symptoms, in-
When analyzed for each compartment individually (Fig. cluding decreased radial nerve sensation (1 patient) and
7), the only significant difference was found in the DV decreased median nerve sensation (3 patients). Isolated
compartment, with pressures after open reduction 9.2 radial or median nerve symptoms also occurred in two
mm Hg greater than those after closed reductiBng( patients. We could not correlate neurovascular status
0.02). Values in the SV compartment approached but did with compartment pressure, and all patients recovered
not reach significance (difference 6.6 mm Hg;P < full function.
0.08).

Effect of flexion on post-reduction pressures DISCUSSION
As measured at the DV 1/3 location, post-reduction
pressures were significantly greater with the elbow in
120° of flexion when compared with 0°, 40°, and 90°
(P < 0.0001 for all comparisons), with the average pres-
sure at 120° nearly 35 mm Hg greater than that at 90°.

In this study, we elaborate on the current literature
describing compartment pressure measurement in pedi-
atric patients with supracondylar humerus fractures. A
number of studies have investigated the role of direct
There were no significant differences between 0°, 40°, pressure record_lng in these patients; however, most in-
and 90° (Fig. 8). cluded only patients with suspected compartment syn-

drome. We describe pressure characteristics in a series of
Clinical observations patients with this fracture, especially as affected by lo-

Seventeen fractures (59%) occurred in the left extrem- cation of measurement, delay from injury to reduction,
ity and 12 (41%) in the right. Most (27 of 29) were and post-reduction arm position. This is similar to studies
caused by a fall, most commonly from gym or play- by Heckman et al. (8) and Triffitt et al. (30) character-
ground equipment (11 of 29). Two patients were injured izing compartment pressures in the leg after tibial frac-
by direct blows. No patient had clinical evidence of com- ture.
partment syndrome at any time during his or her clinical  Our sample population is similar to that in previous
course. Eleven patients exhibited evidence of neurovas-studies of supracondylar humerus fractures. Age, gender
cular injury. A pulseless extremity was noted in one pa- distribution, side of fracture, mechanism of injury, and

J Pediatr Orthop, Vol. 22, No. 4, 2002
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FIG. 7. Effect of closed versus open reduction on post-reduction pressures. NS, not significant.

radiographic appearance (flexion versus extension) arefound in the DV compartment (Fig. 3), and within each
all consistent with prior characterizations (3,4,11,18). compartment, pressures were greatest closer to the frac-
We made our measurements using readily available, con-ture (Figs. 4, 5). Intuitively, one would expect the great-
venient, and easy to use anesthesia arterial pressurest pressures to occur closest to fracture-associated in-
monitoring equipment. Although studies have suggested flammation and edema. Increased muscle mass may also
that this “simple-needle” technique results in greater contribute to the greater pressures in the proximal fore-
pressure values than when using a side-ported needle olarm (28). Our results are consistent with prior studies
slit catheter (17,26), more recent studies have found directly correlating leg compartment pressures with
comparable accuracy among all three methods (29,36). proximity to tibia fracture (8) and finding significant
Overall, we found a number of compartment pressures variations in pressure over small distances within a
with average values near or greater than 20 mm Hg single compartment in the normal limb (28), all indicat-
(Table 1). This is in contrast to a recent study of forearm ing that pressure does not necessarily equilibrate
pressures after pediatric supracondylar fracture, which throughout a compartment. As it is commonly recom-
found average pre- and post-reduction pressures of lessmended that the highest recorded pressure serve in the
than 10 mm Hg with the elbow in full extension (27). decision regarding intervention (8,34), pressures close to
Others, though, have demonstrated pressures greater thathe elbow in the DV compartment should be measured in
30 mm Hg commonly occurring after other traumatic patients in whom compartment syndrome is a clinical
injuries with no adverse sequelae (15,30). The large stan-concern. Our study also reinforces that if fasciotomy is
dard deviations associated with our values do reflect the deemed necessary, adequate decompression of deep vo-
large pressure variations amongst individuals with this lar musculature is mandatory.
injury. However, despite frequently elevated pressures, We were unable to document any relationship between
no patient exhibited signs or symptoms of compartment pressure and the length of time elapsing between injury
syndrome at any time. Such findings discourage the useand reduction. Accordingly, in terms of preventing pres-
of absolute pressure thresholds, no matter how great, assure increases in the typical patient, fracture reduction
indicators of impending compartment syndrome, and may not be an emergent requirement. However, the act
support the concept that in the absence of clinical indi- of reduction itself did have a small beneficial effect on
cations, elevated compartment pressures alone are nopressures in the more proximal forearm (Fig. 6), regard-
sufficient indication for fasciotomy (24,26,30). less of the length of time prior to reduction. Reduction
Before and after reduction, the greatest pressures wereappeared to have no significant effect on pressures in the
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FIG. 8. Effect of elbow flexion on post-reduction pressure. *Pressures at 120° differed from all other positions with P < 0.0001; there were
no significant differences among 0°, 40°, and 90°. All pressures measured in deep volar 1/3™ position.

more distal locations. While both closed and open reduc- ion up to 120° is historically recommended (and often
tion decreased proximal forearm pressures, this effect necessary) to maintain reduction in un-pinned Type I
was greater after closed reduction. That is, when com- fractures (16), pinning these fractures may be preferred
pared with closed reduction, open reduction was associ-to obviate the need to immobilize the extremity in this
ated with greater post-reduction pressures, especially inposition (10,22,35).
the DV compartment (Fig. 7). Rather than act as a “pres-  This study is limited by a number of factors. It would be
sure release,” open procedures may cause increased inuseful to measure baseline compartment pressures in the
flammation and edema secondary to additional tissue uninjured arms of these patients. Seiler et al. (28) describe
trauma and decreased compartment volume when inci-significant pressure differences that exist over short dis-
sions are closed. Furthermore, open procedures occurredances in the normal forearm, with slightly greater pressures
after one or more failed closed reductions, which also occurring more proximally. Comparison of pressures in the
increase tissue disruption. It is likely that overall greater injured and uninjured limbs might allow more accurate
tissue trauma underlies the greater pressures found inanalysis of true pressure variation caused by fracture. It
Type Il versus Type Il fractures, as well (Fig. 2). would also be worthwhile to compare pressures in domi-
In our series, the single factor responsible for the nantand non-dominant injured limbs. If muscle mass plays
greatest elevations in post-reduction pressure was arma significant role in compartment pressure, it is possible that
position. We found no significant increases at the DV 1/3 dominant extremities would exhibit greater pressures.
location with the elbow at 0°, 40°, or 90° of flexion. It Compartment pressures may also be differentially affected
was not until the arm was flexed to 120° that marked by extension-type and flexion-type injuries. The relative
pressure increases were seen (Fig. 8). This indicates thatarity of the latter made it impossible to compare the two in
the “threshold position” for increased forearm pressures our study. Finally, an analysis of blood pressure, including
occurs between 90° and 120° of elbow flexion. A recent mean arterial pressure, at the time of compartment pressure
study of supracondylar humerus fractures described ab-measurement would be useful. Increasing evidence points
lation of the radial pulse at 120° of elbow flexion (12); to the importance of the perfusion gradient between arterial
another described increases in pressure occurring at onlypressure and compartment pressure in the development of
90°, and recommended avoidance of any significant flex- compartment syndrome (7,33,34). Unfortunately, for most
ion for prolonged periods of immobilization (27). Based of our patients, a retrospective review of patient records did
on our findings, arms may be safely immobilized in up not reveal exact arterial pressures at the time of compart-
to, but not more than, 90° of flexion. Because hyperflex- ment pressure measurement.

J Pediatr Orthop, Vol. 22, No. 4, 2002
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In summary, this study presents a number of clinically
useful guidelines. For patients with supracondylar hu-
merus fractures in whom elevated compartment pres-
sures are suspected, forearm pressures closest to the frac-

ture site should be most closely monitored, as this is 15,

where peak pressures occur. In addition, DV pressures
must be monitored, as pressures in this compartment are
nearly always greater than those in the SV or DR com-
partments. Elapsed time after injury does not appear to

affect pressures, in that a longer delay between injury 17

and presentation was not associated with increased pres-
sures. Finally, post-surgical pressures do not rise signifi-
cantly until the forearm is flexed more than 90°, indicat-
ing that arms may be safely immobilized in up to 90° of
flexion after fracture fixation. Greater suspicion for in-
creased compartment pressure and possible compartment
syndrome should be maintained after Type Ill fractures
and after open reduction. Even in these patients, how-
ever, elevated pressures may occur without any sign or

risk of compartment syndrome. Accordingly, decisions 21.

regarding fasciotomy should not be based solely on pres-

sure values, but on the combination of pressure measure22-

ments and clinical evaluation.

23.
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