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Abstract

Background
the aim of this study was to determine if an open tibia fracture is at increased risk to be associated with
acute compartment syndrome (ACS), when compared to a closed tibia fracture.

Methods
a cohort of 711 consecutive adult patients sustaining 725 tibia fractures between January 2005 and
December 2009 were included in this retrospective study. The outcome measure was ACS, which was
clinically diagnosed. The following variables were assessed: soft tissue condition (closed, open Gustilo
type 1 or open Gustilo type 2 and 3); low- vs. high-energy injury; associated contiguous skeletal injury;
type of fracture (proximal intra-articular, extra-articular, distal intra-articular). A logistic regression model
was used to measure the association between ACS and the variables. Adjustment was performed for age
and sex. Statistical signi�cance was de�ned as p < 0.05.

Results
fractures occurred at a mean age of 44.6 ±17.4 years and among 477 (65.8%) men, and ACS occurred in
10.4% of proximal intra-articular fractures, 10.4% of extra-articular fractures and 3.3% of distal intra-
articular fractures. ACS occurred in 8.7% of closed fractures, 7.8% of open Gustilo 1 fractures and 13.3%
of open Gustilo 2 and 3 fractures. Open fractures were not associated with ACS occurrence when tibia
fractures were considered as a whole. When stratifying by types of fractures, open Gustilo 2 and 3
fractures were associated with ACS in proximal intra-articular fractures. No association with closed or
any type of open fractures was highlighted for extra-articular fractures. There were not enough ACS cases
among distal intra-articular fractures to draw conclusions.

Conclusions
this study highlighted an association between open Gustilo type 2 and 3 lesions and occurrence of ACS
in proximal intra-articular fractures only (AO/OTA 41B and C). This �nding must raise the level of
suspicion of any surgeon treating this kind of injuries, especially if the patient is intubated, sedated or
obtunded. As ACS can occur with any type of open tibia fractures, clinicians should not be wrongly
reassured by an open fracture, assuming that the wound would relieve the pressure inside the muscle
compartments.

Background
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Fractures of the tibia are common injuries. Proximal tibia fractures represent approximately 1% of all
fractures, tibial shaft fractures approximately 2%, and distal tibia fractures approximately 0.5% [1]. Tibia
fracture spectrum includes a wide range of fracture types, from low-energy undisplaced to high-energy
multifragmentary or displaced fractures [2–4]. The energy transmitted to the limb during trauma may
also lead to soft-tissue lesions, including skin lacerations (open fractures) and acute compartment
syndrome (ACS) [2, 3, 5–7]. Reported risks of ACS are as high as 12% for overall tibial plateau fractures
(even 53% for some high-energy subtypes) [8–16], and as high as 11.5% for tibial shaft fractures [8, 12,
13, 17–19]. The literature is poor about the association of pilon tibial fractures with ACS, and the risk
seems relatively low, with two papers reporting an occurrence rate of 2% and another of 12.5% [8, 13, 20].

Studies on the potential association of open tibia fractures and ACS have shown confusing results, with
some papers pointing out a positive association, and others failing to do so [5, 7, 11–13, 16–18, 21]. The
aim of this study was therefore to determine if an open tibia fracture is at increased risk to be associated
with ACS, when compared to a closed tibia fracture.

Methods

Ethics statement:
Before initiation of the study, approval was obtained from the institutional research ethics board.

Study population and design:
This retrospective cohort study was performed in a 1900-bed urban academic medical center delivering
primary to tertiary care to 500,000 inhabitants. All consecutive patients admitted with a tibia fracture were
identi�ed using the institutional hospitalization diagnoses database. Inclusion criteria were: 1) a tibial
plateau fracture, either intra- or extra-articular (as de�ned by the AO/OTA classi�cation code 41A2, 41A3,
41B or 41C), a tibial shaft fracture (as de�ned by the AO/OTA classi�cation code 42), or a pilon tibial
fracture, either intra- or extra-articular (as de�ned by the AO/OTA classi�cation code 43) [22]; 2) traumatic
event causing the fracture; 3) hospital admission between January 2005 and December 2009; 4)
de�nitive treatment in the authors' institution; and 5) age > 16 years old at the time of injury. At this point,
770 fractures were eligible. Exclusion criteria were: 1) presentation to the authors' institution more than
24 h after initial trauma (patient-based late presentation or referral from another institution; 28 fractures);
2) pathological or spontaneous (preceding and as cause of the fall) fracture (one fracture); 3) peri-
implant or periprosthetic fracture (10 fractures); 4) open growth plates (four fractures); 5) transfer to
another institution for de�nitive treatment (one fracture); 6) above or below the knee amputation within
the �rst 24 hours after the trauma (no occurrence); and 7) death within the �rst 24 hours after the trauma
(one fracture). Finally, 725 fractures in 711 patients were included in the analysis.

Outcome:
The outcome was development of ACS leading to fasciotomy. Every patient was clinically examined
focusing on ACS signs and symptoms at admission and during every preoperative and postoperative
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visit, as well as during surgery. Using the same method as previously published [11, 19], monitoring of
intra-compartmental pressure (ICP) was not routinely used to establish ACS diagnosis, but only in
selected patients with equivocal clinical signs and those intubated, sedated or obtunded [23–25]. Four
compartments fasciotomy was performed when patients had clinical signs of ACS and/or when
pathological ICP values were measured (ICP > 30 mmHg or a difference < 30 mmHg between diastolic
blood pressure and ICP) [18, 24, 26, 27]. Muscle bulging or suffering was evaluated at the time of
fasciotomy, and their presence or absence reported in the operative notes. In this study, ACS de�nition
was pathological ICP values before fasciotomy and/or presence of muscle bulging or suffering at the
time of fasciotomy. The diagnosis of ACS was not con�rmed if fasciotomy was performed without prior
ICP measurements, and if there was no muscle bulging or suffering at the time of surgery.

Variables of interest
The main variable of interest (closed or open fracture and Gustilo classi�cation [28, 29] in case of open
fractures) was extracted from patients’ charts. For statistical analysis, fractures were considered in three
categories: closed, Gustilo type 1, and Gustilo type 2 and 3.

Other variables (age, sex, mechanism of injury, type of fracture) were also extracted from patients’ charts.
Mechanism of injury was further classi�ed as either “fall from own height” or “other” (falls from more
than one meter high, road tra�c accidents, sports and �ght injuries, crushes, construction site accidents)
in order to differentiate low- and high-energy trauma.

Fractures were classi�ed following AO/OTA using the initial set of radiographs [22]. They were then
strati�ed into three groups: proximal intra-articular fractures (AO/OTA 41B and C), extra-articular fractures
(AO/OTA 41A2 and A3, 42 and 43A) and distal intra-articular fractures (AO/OTA 43B and C). Additionally,
the presence or absence of an associated second contiguous skeletal injury was determined, as this
variable was highlighted as a risk factor for ACS occurrence in tibial plateau and tibial shaft fractures in
two recent publications [11, 19]. A second contiguous skeletal injury was de�ned as followed: 1) for
proximal tibia fractures, it was either a tibial shaft or pilon fracture (AO/OTA 42 or 43) [22], or a
dislocation of both medial and lateral femoro-tibial joint lines [11]; 2) for tibial shaft fractures, it was a
second fracture complex located either in the proximal or distal metaphysis (AO/OTA 41 or 43) [22]; for
pilon tibial fractures, it was a second fracture complex located either in the proximal metaphysis or in the
shaft (AO/OTA 41 or 42) [22].

Statistical analysis:
Patient and facture characteristics with and without ACS were compared using frequency distributions
for discrete variables and mean and standard deviation for continuous variable.

To evaluate the association of the covariates with ACS, we used logistic regression analysis to obtain
univariate odds ratios (OR) and 95% con�dence intervals (95% CI). Age was dichotomized at approximate
midpoint (age < vs. ≥ 45 years).
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Because the risk of ACS may be related to the energy dissipated during the impact, and because men and
younger patients may be more likely to sustain high-energy impacts, each covariate was then separately
adjusted for age and sex using the logistic regression analysis. Statistical signi�cance was de�ned as p 
< 0.05.

IBM® SPSS® Statistics version 19.0.0 software (IBM SPSS, Chicago, IL) was used for statistical
analysis.

Results
Tibia fractures occurred at a mean age of 44.6 ± 17.4 years and among 477 (65.8%) men. Overall, ACS
occurred in 67 (9.2%) cases; 28 out of 269 (10.4%) proximal intra-articular fractures, 35 out of 336
(10.4%) extra-articular fractures and 4 out of 120 (3.3%) distal intra-articular fractures. Table 1 shows
demographics, injury characteristics and clinical, radiographic and treatment factors of the study
patients.

Table 1
Demographics, injury characteristics and clinical and radiographic factors of the 711 study patients with

725 fractures

  ACS absent, n = 658
(90.8%)

ACS present, n = 67
(9.2%)

Age (years) 45.2 ± 17.6 37.1 ± 12.8

Age < 45 years, n (%) 347 (52.7%) 54 (80.6%)

Male sex, n (%) 419 (63.7%) 58 (86.6%)

Mechanism other than fall from own height,
n (%)

484 (73.6%) 67 (92.5%)

Closed fracture, n (%) 514 (78.1%) 49 (73.1%)

Open fracture Gustilo 1, n (%) 59 (9.0%) 5 (7.5%)

Open fracture Gustilo 2 and 3, n (%) 85 (12.9%) 13 (19.4%)

Proximal intra-articular fractures n (%) 241 (36.6%) 28 (41.8%)

Extra-articular fractures n (%) 301 (45.7%) 35 (52.2%)

Distal intra-articular fractures n (%) 116 (17.6%) 4 (6.0%)

Associated contiguous skeletal injury, n (%) 11 (1.7%) 12 (17.9%)

No associated contiguous skeletal injury, n
(%)

647 (98.3%) 55 (82.1%)

ACS: acute compartment syndrome. Proximal intra-articular fractures: AO/OTA classi�cation 41B and
C. Extra-articular fractures: AO/OTA classi�cation 41A2 and A3, 42 and 43A. Distal intra-articular
fractures: AO/OTA classi�cation 43B and C.
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There were 49 ACS out of 563 closed fractures (8.7%), 5 ACS out of 64 open Gustilo type 1 fractures
(7.8%) and 13 ACS out of 98 open Gustilo type 2 and 3 fractures (13.3%). Univariate analysis and
analysis after adjustment for age and sex did not recognize any soft tissue condition (closed fracture,
open fracture Gustilo type 1, open fracture Gustilo type 2 and 3) as associated with ACS occurrence when
tibia fractures were considered as a whole (Table 2).

Table 2
Association between variables of interest (demographics, injury characteristics and clinical, radiographic

and treatment factors) and occurrence of acute compartment syndrome

  Univariate analysis Each variable adjusted for age
and sex*

  OR (95% CI) P
value

OR (95% CI) P value

Age < 45 years 3.72 (1.99–
6.95)

< 
0.001

- -

Male sex 3.68 (1.79–
7.55)

< 
0.001

- -

Mechanism other than fall from
own height

4.46 (1.76–
11.27)

0.002 2.81 (1.09–7.26) 0.033

Soft tissue condition        

Closed fracture Ref.   Ref.  

Open fracture Gustilo 1 0.89 (0.34–
2.32)

0.810 0.74 (0.28–1.97) 0.551

Open fracture Gustilo 2 and 3 1.60 (0.84–
3.08)

0.156 1.30 (0.67–2.56) 0.440

Fracture type        

Proximal intra-articular fractures Ref.   Ref.  

Extra-articular fractures 1.00 (0.59–
1.69)

0.998 0.80 (0.46–1.37) 0.411

Distal intra-articular fractures 0.30 (0.10–
0.87)

0.026 0.23 (0.08–0.68) 0.008

Associated contiguous skeletal
injury

12.83 (5.41–
30.42)

< 
0.001

9.33 (3.80–22.92) < 0.001

*Each variable was adjusted for age (< 45 years vs. ≥ 45 years) and sex (male vs. female)

OR: odds ratio. 95% CI: 95% con�dence interval. Proximal intra-articular fractures: AO/OTA
classi�cation 41B and C. Extra-articular fractures: AO/OTA classi�cation 41A2 and A3, 42 and 43A.
Distal intra-articular fractures: AO/OTA classi�cation 43B and C.
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In the univariate analysis, age < 45 years, male sex, high-energy mechanism of injury (other than fall from
own height) and presence of an associated contiguous skeletal injury were associated with higher odds
of ACS, and presence of a distal intra-articular fracture was associated with lower odds of ACS (Table 2).
After adjustment for age and sex the association with ACS remained (Table 2).

When stratifying by types of tibia fractures, open Gustilo type 2 and 3 injuries were positively associated
with ACS occurrence in proximal intra-articular fractures (Table 3). No association with closed or any type
of open injuries was highlighted for extra-articular fractures (Table 3). There were not enough ACS cases
(four) among distal intra-articular fractures to draw conclusions (Table 3).

Table 3
Association between soft tissue condition and occurrence of acute compartment syndrome, by fracture

types
Soft tissue condition Proximal intra-articular

fractures

OR (95% CI), p value

Extra-articular
fractures

OR (95% CI), p
value

Distal intra-articular
fractures

OR (95% CI), p value

Closed fracture Ref. Ref. *

Open fracture Gustilo 1 4.07 (0.75–22.23); 0.105 0.47 (0.13–1.62);
0.233

*

Open fracture Gustilo 2
and 3

3.39 (1.01–11.42); 0.048 0.79 (0.31–1.62);
0.628

*

*There were only four cases of acute compartment syndrome among distal intra-articular fractures.

Proximal intra-articular fractures: AO/OTA classi�cation 41B and C. Extra-articular fractures: AO/OTA
classi�cation 41A2 and A3, 42 and 43A. Distal intra-articular fractures: AO/OTA classi�cation 43B
and C. OR: odds ratio. 95% CI: 95% con�dence interval.

Discussion
This study found an association between ACS and age, sex, mechanism of injury, associated contiguous
skeletal injury, and presence of a distal intra-articular fracture. The study did not highlight any soft tissue
condition (closed fracture, open fracture Gustilo type 1, open fracture Gustilo type 2 and 3) as associated
with ACS occurrence when tibia fractures were considered as a whole. However, after strati�cation by
types of fractures, ACS occurrence was associated with open Gustilo type 2 and 3 injuries in proximal
intra-articular fractures only.

The ACS occurrence rates found in this study fall within previously reported rates in the literature, which
ranged from 0.7–12% for tibial plateau fractures (even as high as 53% for some higher-energy
subgroups) [8–16], from 3–11.5% for tibial shaft fractures [8, 12, 13, 17–19], and from 2–12.5% for pilon
tibial fractures [8, 13, 20]. For this reason, it can be assumed that the study cohort closely represents the
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habitual spectrum of tibia fractures, and that its results might be generalized to most tibia fracture
patients.

In the past, there was a wrongly reassuring dogma assuming that an open fracture would protect from
the occurrence of ACS by relieving the pressure inside the muscle compartments through the fascial
tears. This was shown to be incorrect, as some studies reported ACS occurrences after open tibia
fractures [11–13, 16–18, 21]. In the analysis without strati�cation by fracture type, we did not �nd any
association between ACS occurrence and soft tissue condition. This is mainly due to the 120 distal intra-
articular fractures included in the cohort, which had a signi�cantly lower risk of ACS occurrence than
other fracture types (3.3% vs. 10.4%; p = 0.014) and mitigated differences in the overall results. Indeed,
our results showed that distal extra-articular fracture might be a protecting factor against ACS
occurrence, when compared to a more proximal location. This �nding might be explained by the fact that
the distal tibia is surrounded by a less bulkier muscle mass, and that the energy released during trauma is
transmitted into tendinous soft tissues rather than muscle, thus less likely leading to the potential
development of ACS [19].

In the analysis by fracture types, ACS occurrence was associated with open Gustilo type 2 and 3 injuries
in proximal intra-articular tibia fractures only, with a weak signi�cance level (OR 3.39 (95% CI 1.01–
11.42); p = 0.048). One previously published paper reported a signi�cant linear association between
occurrence of ACS and severity of open fracture in the univariate analysis, which failed to be con�rmed
after adjustment according to age and sex [11]. Another paper did not show any association between
open fracture and ACS even in the univariate analysis [16]. Due to this weak evidence, one cannot
de�nitively assume that an open skin lesion is associated with a higher risk of ACS occurrence in case of
proximal intra-articular tibia fractures. However, the physician in charge should be aware of these
�ndings, and should actively look for signs and symptoms of ACS development when treating open
fractures.

No association with closed or any type of open injuries was highlighted for extra-articular tibia fractures.
This means that open tibial shaft fracture was recognized neither as a risk factor nor as a protecting
factor for ACS occurrence. This �nding is in line with previously published research [13, 17–19]. However,
two older publications recognized open tibial shaft fractures as positively associated with the occurrence
of ACS, with open fracture severity directly proportional to ACS incidence [5, 21]. In this fracture type also,
the physician in charge should be aware of these �ndings, and should actively look for signs and
symptoms of ACS development.

There were not enough ACS cases (four) among distal intra-articular tibia fractures to draw any
conclusions. The association of ACS with open fractures of the pilon tibial has not been investigated in a
well-conducted study yet. To the best of the authors' knowledge, there is only one case-report available in
the literature citing increased soft tissue damage as a potential risk factor for ACS occurrence after pilon
tibial fracture; however in this paper, this statement was not evidence-based and it was not speci�ed if
increased soft tissue damage included open fractures [7].
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Despite being the largest series to date analyzing the association between soft tissue injury and the
development of ACS in tibia fractures, this paper suffers several limitations: 1) this study was prone to
several biases inherent to its retrospective design, and to some inexactitude in patients’ charts that were
reviewed to extract variables of interest; 2) ICP measurements, which would have been the gold standard
to diagnose or exclude ACS, were performed only on a subset of patients, thus introducing the possibility
of false positive or false negative diagnosis; however, we did not �nd any clinical records suspect of late
ACS sequelae in the charts of patients that were not diagnosed with ACS, and every patient who
underwent fasciotomy had pathological ICP values before fasciotomy, and/or presented muscle bulging
or suffering at the time of fasciotomy; 3) the tibia fracture strati�cation that was used does not strictly
follow the AO/OTA classi�cation; however, we felt that an AO/OTA 41A2 or A3 fracture was closer to an
AO/OTA 42 fracture than to an AO/OTA 41B or C fracture in terms of fracture line anatomy and absence
of articular involvement, and we choose to stratify fractures following this method.

Conclusions
This study highlighted a weak association between open Gustilo type 2 and 3 lesions and occurrence of
ACS in proximal intra-articular fractures only (AO/OTA 41B and C). This �nding must raise the level of
suspicion of any surgeon treating this kind of injuries, especially if the patient is intubated, sedated or
obtunded at the time of assessment. Importantly, this study con�rmed that clinicians must not be
wrongly reassured by an open fracture, assuming that the wound would relieve the pressure inside the
muscle compartments, as ACS may still develop in open fractures. In fact, skin wounds in the vicinity of a
fracture should be recognized as a direct sign of increased amount of underlying fascial and muscle
injury and must not be underestimated by the treating physician.
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