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Abstract  

Background:  Acute compartment syndrome of the leg  
may be a devastating complication of a tibial fracture. Metic-
ulous and repeated examinations of the patient who has such  

a fracture are needed to ensure the diagnosis of acute com-
partment syndrome (ACS). A.C.S. remains challenging in  

many patients although the "5 Ps" of compartment syndrome;  

pain, pallor, paralysis, pulselessness, and paresthesia.  

Aim of Study:  To measure intra-compartmental pressure  
in different compartments in the lower leg in tibial fractures  

and to correlate it with common clinical findings found in  
acute compartment syndrome in trial to early detect acute  

compartment syndrome and to decrease its devastating com-
plications and rate of fasciotomy.  

Patients and Methods:  This study was conducted on 100  
patients referred to the Emergency department having Tibial  

fracture predisposed to have acute compartment syndrome by  

measuring intra-compartmental pressure instrumentally using  

stryker intra-compartmental pressure monitoring system and  

correlated with clinical picture and detect the percentage of  

patients need fasciotomy.  

Results:  The Stryker intra compartmental monitoring  

system (STIC catheter) has accuracy and easy to measure  

intra-compartmental pressure and helps us to early detect  

A.C.S. in the lower leg also to decrease rate of fasciotomy  

and complications but it is expensive and needs proper training  
to use it.  

Conclusion:  The patient who undergoes fasciotomy re-
quires a physical therapy program to regain function. Postop-
erative care and rehabilitation are just as important as the  

procedure itself.  
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Introduction  

LOWER  extremity compartment syndrome (CS)  
is characterized by severe pain resulting from  

increased interstitial pressure within the closed  
compartments of the leg musculature that impairs  
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local circulation and left untreated results in irre- 
versible peripheral nerve and muscle ischemia [1] .  

Acute CS is a true surgical emergency that must  
be treated by decompression fasciotomy without  

delay to prevent permanent disability, amputation,  

and death [2] . The diagnosis of acute CS is based  
on careful clinical examination. Intra–compartmen-
tal pressure measurement, and monitoring if indi-
cated, is a recommended clinical practice in uncer-
tain diagnostic situations [3] .  

Acute compartment syndrome occurs when the  
tissue pressure within a closed muscle compartment  

exceeds the perfusion pressure and results in muscle  

and nerve ischemia. It typically occurs subsequent  

to a traumatic event, most commonly a fracture  
[4] .  

Timely surgery is of up most importance, as  
inadequate or delayed surgical release may result  
in further tissue damage and substantial local (e.g.,  

Volkmann's contracture, amputation) or systemic  

complications (e.g., organ failure, death). Therefore,  

awareness for the development of ACS and its  
early diagnosis are of major significance [5] .  

Compartment syndrome may affect any com-
partment, including the hand, forearm, upper arm,  

abdomen, buttock, and entire lower extremity.  

Almost any injury can cause this syndrome, includ-
ing injury resulting from vigorous exercise. Clini-
cians need to maintain a high level of suspicion  
when dealing with complaints of extremity pain  
[4] .  

Aim of the work:  

The purpose of this study is to measure intra-
compartmental pressure in different compartments  
in the lower leg in tibial fractures and to correlate  
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it with common clinical findings found in acute  

compartment syndrome for early detection of acute  

compartment syndrome.  

Patients and Methods  

This is a prospective study to analyze data of  

100 patients referred to the Emergency Department  
having Tibial fracture predisposed to have acute  
compartment syndrome by measuring intra-
compartmental pressure instrumentally using  

stryker intra-compartmental pressure monitoring  
system and correlated with clinical picture and  

detect the percentage of patients who need fasci-
otomy. This study has been done involving patients  

with closed tibial fractures in different age groups  

and Male = 73 and Female 27. Patients having  
Systemic diseases are 12.the study has been done  

from February 2015 to April 2017. The sample  

consisted of patients who presented to Emergency  
department in different hospitals in Cairo and  

several Governorates in Egypt consecutively with  

closed tibial fractures. Written consent was obtained  

from the patients for ethical clearance. Patients  

with Open Tibial fractures, vascular or nerve injury  

of the limb,crush injury, abdominal surgery, pelvic  

surgery, spinal surgery and plastic surgery, were  

excluded from the study. Patient received in the  
emergency department were immediately subjected  

to head to foot survey and hemodynamic stabiliza-
tion was done. Fractured limb was examined clin-
ically for pain on passive stretching, tense com-
partment, pallor, paraesthesia, paralysis and  
pulselessness, fracture type has been analysed,  

mechanism of injury and time of accident or wors-
ening of symptoms and the findings were recorded.  

The study included all patients presented with  

Tibial fractures in all different ages and both sexes.  

While patients with open Tibial fractures, abdom-
inal surgery, Pelvic surgery, Spinal surgery and  

Plastic surgery, vascular injury in affected limb,  

nerve injury in affected limb and crush injuries  
and Burns were excluded from the study.  

Patient counseling:  

A crucial part of the procedure, in which the  

proposed plan including the investigations neces-
sary for the procedure, the operative details. The  
patients were informed that they enrolled in a study  

before surgery with the ability to refuse the partic-
ipation in the study or to continue participation  
after being started in it without affecting their  
management. This counseling was essential to have  
the maximum cooperation of the patient as well  

as to decrease the patient anxiety.  

Methods:  

All patients were subjected to the following:  

Full history taking and clinical examination at the  
time of sampling Careful detection of clinical  

characteristics of Acute Compartment Syndrome  

include pain, parethesia, pallor, swelling, pulsless-
ness, Skin changes also Type of fractures, detection  
time, mechanism of injury, presence or absence of  
Systemic disease and needed investigations.  

Careful and correct measurement of different  

compartments of lower leg in suspected patients  
using Stryker intra- compartmental monitoring  

system; a hand held device directly measuring the  

intra-compartmental pressure. We Screw the pres-
sure coupler onto the syringe and then firmly attach  
a side-ported needle to the coupler and Place the  

assembled syringe-coupler-needle complex into  
the pressure monitoring device and snap the pro-
tective cover on the device shut. Then Purge the  

air from the syringe-coupler-needle complex by  
holding it upright at a 45 °  angle and slowly com-
pressing the syringe in this position. After turn  
power on we zeroing the device by pushing its  
“zero” and wait seconds for proper zeroing then  

start with compartment of interest and other com-
partments. The needle should be perpendicular to  

skin within 5cm of fracture site if possible, each  

compartment has its specific entry as described in  

literature. We push 0.3ml saline in the compartment  

and wait for stabilization of reading then take  

measurement. We do that for all compartments and  
repeat measurements for suspected compartments.  

If pressure is more than 30mmHg it will be of  
interest and patient will be closely followed for  

future decision.  

Statistical methods:  

All Data were collected, tabulated and subjected  

to statistical analysis. Statistical analysis is per-
formed by SPSS in general (version 17), also  
Microsoft office Excel is used for data handling  
and graphical presentation.  

Quantitative variables are described by the  

Mean, Standard Deviation (SD), the Range (Max-
imum - Minimum) and median. Qualitative cate-
gorical variables are described by proportions and  

Percentages. One way analysis of variance (ANO-
VA) is used for comparing the means of more than  

two groups. Multiple comparison Bonferroni meth-
od is used for comparing each two groups together.  

Independent samples t-test is used for comparing  
the means of two groups. Significance level is  
considered at p<0.05 (S); while for p<0.01 is  
considered highly significant (HS). Two Tailed  
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tests are assumed throughout the analysis for all  

statistical tests.  

Results  

In this study pain presented in all cases and has  

a highly significant correlation with intra–compart-
mental pressure of all lower leg compartments.  

According to mangled extremity score we clas-
sify groups into age below 30 years and from 30- 
50 years and above 50 years. The difference of  

means between the three groups is statistically  

significant (p<0.05) as shown in Table (1).  

But in Multiple Comparisons using Bonferroni  
method as shown in Table (2) For Anterior com-
partment the difference is statistically significant  

(p<0.05) between the mean pressure of age group  
older than 50 years and the group between 30 to  

50 years. No statistically significant difference can  

be found between other groups ( p>0.05). For Lat-
eral compartment the difference is statistically non  

significant (p>0.05) between all groups. For Pos-
terior compartment the difference is statistically  

significant (p<0.05) between the mean pressure of  

age group below 30 years and the group between  

30 to 50 years. No statistically significant difference  

can be found between other groups ( p>0.05).  

There is statistically non-significant difference  
between groups means in all compartments ( p>  
0.05), regarding Effect of gender and swelling on  

Intra-compartmental pressure in all compartments.  

There is statistically highly significant difference  

between any two groups means in all compartments  

(p<0.001) regarding effect of Pallor and Intra-
compartmental pressure. Also according to Injury  
Severity Score (ISS) we classify fracture type to  

serious, severe and critical. There is statistically  

highly significant difference between the groups  

means in all compartments ( p<0.001) regarding  
type of fracture as shown in Table (3).  

According to Mangled extremity severity score  
we classify mechanism of injury into medium, high  

and very high. There is statistically highly signif-
icant difference between the groups means in all  

compartments (p<0.001).  

There is statistically highly significant differ-
ence between groups means in all compartments  

(p<0.001) regarding effect of Pulse and Intra-
compartmental pressure.  

Table (1): Effect of Age on Intra-compartmental pressure,  

Analysis of variance (ANOVA).  

Mean  SD  F  p-value  

Anterior:  
<30yrs  27.10  4.96  3.990  0.021  
30-50yrs  29.94  8.07  
>50yrs  22.00  2.83  

Lateral:  
<30yrs  24.55  4.88  3.259  0.042  
30-50yrs  29.10  8.85  
>50yrs  24.17  3.13  

Posterior:  
<30yrs  24.30  5.09  4.744  0.011  
30-50yrs  29.76  8.39  
>50yrs  24.83  3.66  

Table (2): Effect of age on intra-compartmental pressure,  

multiple comparisons between each two age group  
in same compartment using Bonferroni method.  

Mean  
Difference  

Std.  
Error  

p - 
value  

Anterior:  
<30yrs  30-50yrs  –2.84  1.85  0.382  
<30yrs  >50yrs  5.10  3.46  0.430  
30-50yrs  >50yrs  7.94  3.14  0.039  

Lateral:  
<30yrs  30-50yrs  –4.55  2.01  0.078  
<30yrs  >50yrs  0.38  3.77  1.000  
30-50yrs  >50yrs  4.93  3.42  0.457  

Posterior:  
<30yrs  30-50yrs  –5.46  1.92  0.016  
<30yrs  >50yrs  –0.53  3.60  1.000  
30-50yrs  >50yrs  4.93  3.27  0.403  

Table (3): Effect of fracture type on intra-compartmental pressure.  

Mean  SD  
Mean  

Difference  
Std. Error  
Difference  t  df  

p - 
value  

Anterior:  
Males  29.24  7.66  2.33  2.33  1.00  108  0.321  
Females  26.92  7.35  

Lateral:  
Males  28.27  8.28  2.43  2.53  0.96  108  0.338  
Females  25.83  8.09  

Posterior:  
Males  28.82  8.13  2.90  2.44  1.19  108  0.237  
Females  25.92  6.53  
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There is statistically highly significant differ-
ence between groups means in all compartments  

(p<0.001) as shown in Table (4) regarding effect  
of Detection time on Intra-compartmental pres-
sure.  

There is statistically highly significant differ-
ence between groups means in all compartments  

(p<0.001). Regarding Effect of Skin changes and  
Intra-compartmental pressure, Independent Samples  

t-test as shown in Table (5).  

As shown in Table (6), there is statistically  
highly significant difference between groups means  
in all compartments (p<0.001) regarding effect of  

Parethesia and Intra-compartmental pressure.  

Table (4): Effect of detection time on intra-compartmental pressure, independent samples  

t-test.  

Mean  SD  Mean  
Difference  

Std. Error  
Difference  t  df  

p - 
value  

Anterior:  
<12h post injury  28.16  7.02  –13.13  2.71  –4.84  108  0.000  
>12h post inhury  41.29  5.65  

Lateral:  
<12h post injury  27.12  7.65  –13.88  2.95  –4.70  108  0.000  
>12h post inhury  41.00  5.72  

Posterior:  
<12h post injury  27.67  7.36  –13.04  2.87  –4.54  108  0.000  
>12h post inhury  40.71  7.34  

Table (5): Effect of skin changes and Intra-compartmental pressure, independent samples  

t-test.  

Mean  SD  Mean  
Difference  

Std. Error  
Difference  

t  df  
p - 

value  

Anterior:  
Absent  26.61  5.58  –14.56  1.39  –10.45  108  0.000  
Present  41.17  4.37  

Lateral:  
Absent  25.36  5.92  –16.14  1.47  –10.98  108  0.000  
Present  41.50  4.34  

Posterior:  
Absent  25.89  5.41  –15.94  1.39  –11.48  108  0.000  
Present  41.83  5.28  

Table (6): Effect of parethesia and intra-compartmental pressure, independent samples t-
test.  

Mean  SD  
Mean  

Difference  
Std. Error  
Difference  

t  df  
p - 

value  

Anterior:  
Absent  26.13  4.68  –14.33  1.20  –11.95  108  0.000  
Present  40.45  6.27  

Lateral:  
Absent  24.83  5.23  –15.85  1.26  –12.59  108  0.000  
Present  40.68  5.49  

Posterior:  
Absent  25.44  4.76  –15.28  1.22  –12.48  108  0.000  
Present  40.73  6.47  
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Case presentation:  
5 cases are presented; each one fulfills inclusion  

and exclusion criteria also presented at Emergency  

Department then after taking a consent and full  

history and careful general examination we will  
do serial measurement of intra-compartment pres-
sure of suspected compartments.  

Intra-compartmental pressure after serial meas-
urement:  

Main intra-compartmental pressure using  

stryker device of (anterior compartment = 47 mm-
gh, lateral compartment = 40 mmgh and posterior  
compartment = 41).  

- 45 years  

- Male  

- R.T.A  

- Plain X-ray showing major fracture right  

tibial plateau schatzyker type 6 

--  Sever pain out of proportion, swelling, skin  
changes, pallor, parethesia, irrelevant history  

of systemic disease, not palpable pulse and  
detection time less than 12 hours  

Interference:  

Emergent fasciotomy then after good decom-
pression of all leg compartments.  

Prognosis:  

Good prognosis fracture is fixed with suitable  
plate and screws fixation, lastly directed to proper  

rehabilitation programme.  

Age  

Sex  

Mechanism  
of injury  

Fracture site  

Clinical  
presentation  

Fig. (1): P.X.R fracture Tibial plateau schatzyker type 6.  

Fig. (2A,B): Showing swelling, pallor and skin changes (bullae at back of knee).  
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Fig. (3): Preparation and measurement of intra- 
compartmental pressure.  

Fig. (4): Showing leg muscles at time of fasciotomy and later  
on.  

Discussion  

Acute compartment syndrome from any cause  
occurs most commonly in the lower leg and most  
often follows a fracture of the tibia [6] .  

The most important step in diagnosing a com-
partment syndrome is the clinician's awareness. In  
patients at risk for a compartment syndrome, re-
peated examinations are required to allow for this  

dynamic process. In patients with uncertain signs,  

invasive measurement of intra-compartmental pres-
sure is available [7] . In our study we found that  
pain out of proportion in all cases has strong cor-
relation with elevation of intra-compartmental  

pressure and strong indicator of possibility of acute  

compartment syndrome occurrence although it is  

difficult to assess in pediatric patients and severe  

painful fractures.  

Also we found in this study Parethesia (present  
in 21 cases) and pulselessness (absent in 71 cases)  

and pallor (present in 58 cases) are extremely have  

direct correlation with increased intra–compart-
mental pressure in tibial fractures using stryker  

hand held device. This is in agreement with the  
literature [6,8] . In which they said that said that,  
although clinical signs; like pain on passive stretch,  
pallor and tense compartment, help in diagnosing  
ACS, they may be absent in some cases, indicating  

that the clinical signs are better at excluding than  

confirming a diagnosis.  

Also said that in their study, increasing leg pain  
was the main clinical symptom in patients with  
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ACS, followed by paresthesia and motor weakness  

of leg muscles. Furthermore, absolute measures of  
intra-compartmental pressures of leg compartments  

were higher than 30mmHg in 92% of patients [6,8] .  
In our study we detect that age below 50 years (92  

cases) is at risk in comparison of more than 50  

years (8 cases).  

But Mc Queen et al., in different studies also  
identified age as a significant risk factor with an  
average age of 30 years among patients with ACS  
with a tibia fracture [9-13] . In our study we detect  
that severity of fractures and high energy trauma  

(41 cases) have strong correlation and increase  

incidence of ACS occurrence and this has disagree-
ment with the literature, who reported that low-
energy tibia fractures are actually at a higher risk  

of ACS than their high-energy counterparts [9] ,  
whereas has agreement with the literature, who  

reported an equal incidence of ACS with high and  
low energy fractures Because These mechanisms  
carry substantial energy, which is transferred to  

the soft tissues, producing contusion, swelling,  
and inflammation and who reported that there is  

no doubt that multiple injuries that affect a number  

of anatomical sites have a profound effect on the  

homeostasis of the body and the ensuing "chemical  
storm": Systemic inflammatory response syndrome  

(SIRS) versus compensatory anti-inflammatory  
response syndrome (CARS) and endothelial damage  

is linked with occurrence of ACS [5] .  

In our study we exclude open tibial fractures  

in agreement with literature which reported that  
although there is a risk of ACS with any type of  

tibia fracture, an open fracture is anecdotally con-
sidered to have de facto decompressed the com-
partments, and is therefore unlikely to cause an  

ACS The auto decompression phenomenon that  
occurs with a high-grade open tibia fracture is  
hypothesized to cause an effect similar to a fasci-
otomy [14] . In our study we found that there is no  

influence of gender to increase incidence of ACS  

and we in agreement with Park who reported that  

the popular belief is that ACS is more likely to  

occur in young males [10] . In our study we found  
that women were just as likely as men to get ACS  

following their tibial fractures. However, we also  

found that ACS occurred more readily in younger  
patients. This we think is due to younger people  
having larger muscle bulk within a tight fascia  

with very little room to expand before the intra-
compartmental pressure rises [14] .  

Also in this study we found that detection time  
of ACS has strong and beneficial correlation to  

decrease faciotomy rate and complications of ACS  

and faciotomy and also we in agreement with  

Ramprasath who reported that the duration of  
pressure elevation is fully as important in the  

production of neuromuscular deficits as is the  
magnitude of pressure elevation. Pressures that are  

benign for a few hours may be detrimental if  

allowed to persist for longer periods. Thus, serial  

monitoring of tissue pressure provides clinically  
useful information as to the trend of ICP. Muscles  
tolerate 4 hours of ischemia well, but by 6 hours  
the result is uncertain, after 8 hours, the damage  

is irreversible,hence the early diagnosis becomes  

important [15] . Also in our study we found that  
Skin changes and presence of systemic disease  
have strong correlation with increase intra-
compartmental pressure but swelling has insignif-
icant correlation with it.  

Lastly in agreement with our study in that the  

Stryker intra-compartmental monitoring system  

(STIC catheter) has accuracy and easy to measure  

intra-compartmental pressure but it is expensive  

and needs proper training to use it [15,16] . Correla-
tion of a clinical presentation of Acute Compart-
ment Syndrome to intra-compartmental pressure  

measurement in 100 cases be suspected to have  
ACS is a strength point for our study. On the other  

hand the expensiveness, invasiveness and less  

availability of device and its disposable set make  

weak point and difficulty in our study.  

Conclusion:  
The Stryker intra compartmental monitoring  

system (STIC catheter) has accuracy and easy to  
measure intra-compartmental pressure and helps  

us to early detect A.C.S. in the lower leg also to  
decrease rate of fasciotomy and complications but  
it is expensive and needs proper training to use it.  

The patient who undergoes fasciotomy requires  
a physical therapy program to regain function.  

Postoperative care and rehabilitation are just as  

important as the procedure itself.  
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