Effects of Surgical Methods for Treatment of Chronic Exertional Compartment Syndrome in the Lower Leg
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“Shin splints” has been a term applied to all types of injuries in the lower leg.  One estimate is that “shin splints” account for 10 – 15% of all running injuries and may account for up to 60% of all leg pain syndromes (Bates, 1985).  Athletes involved in sports involving repetitive motion are prone to a variety of overuse injuries that have all been classified under the term “shin splints” at one time.  One of these conditions is Medial Tibial Stress Syndrome (MTSS), which is now defined as a periostitis of the posteromedial aspect of the tibia.  Stress fractures, plantar fasciitis, and, of course, strains and sprains are other injuries that can occur to any repetitive strain athletes (Touliopolous & Hershman, 1999).  One injury that should not be forgotten when assessing the lower limb in any endurance athlete is chronic exertional compartment syndrome (CECS).  Edmundsson et. al. (2008) has shown that CECS can occur in those suffering from diabetes mellitus, and a crushing injury to a limb can cause acute compartment syndrome.  The symptoms of acute compartment syndrome mimic that of CECS.  Both injuries involve swelling within a particular compartment, thus raising the intracompartmental pressure.  If left untreated, muscle and nerve ischemia will occur, and so surgical treatment is indicated as soon as possible (Tiwari, et. al., 2002).

To fully understand CECS and other lower limb injuries, we must first understand the myofascial and neurovascular structures in that area.  The lower leg is divided up into four distinct myofascial compartments: anterior, lateral, superficial posterior, and deep posterior (Bong et. al., 2005).  The anterior compartment of the lower leg contains the tibialis anterior, extensor hallicus longus, extensor digitorum longus, and peroneus tertius muscles, along with the anterior tibial artery and the deep peroneal nerve.  The lateral compartment houses the peroneals (longus and brevis), along with the common peroneal nerve.  The superficial posterior compartment contains the gastrocnemius, soleus, popliteus and plantaris muscles, and the sural nerve, although the plantaris does not exist in everyone.  Finally, in the deep posterior compartment are the flexor digitorum longus, flexor hallicus longus, and the popliteus muscle, together with the peroneal artery, posterior tibial artery and vein, and the tibial nerve (Fig. 1).  Although CECS can occur in any one of these four compartments, it is more prevalent in the anterior (40 – 70%) and deep posterior compartments (15 – 30%) (Englund, 2005).  
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Fig 1.  Netter, F.H., Atlas of Human Anatomy 

CECS is defined as a condition in which a reduced capillary blood flow is caused by an increase in pressure within a closed fascial space, and it may lead to tissue hypoxia and even cell death (Gebauer et. al., 2005).  Proper muscular function is also prohibited which leads to weakness in the affected compartment (Scheltinga, 2006).  The onset of CECS is gradual; resulting from microtrauma caused by repetitive loading during exercise, such as in long-distance running or military training, and is more common in younger athletes (Slimmon et. al, 2002).  

Although there are a number of diagnostic tools available to properly detect compartment syndrome, there is no one gold standard.  Boody and Wongworawat (2005) compared three common devices used today, the Stryker Intracompartmental Pressure Monitor System, an Arterial Line Manometer, and the Whitesides apparatus.  In this particular study a clear graduated cylinder with a side port was constructed, which allowed for the viewing of the fluid meniscus against the graduated markings.  Researchers used fresh ovine muscle tissue taken from the gluteal muscle, with each portion coming in a 2cm cube, and weighing approximately 9 grams.  This was placed in the cylinder, which was 3.5 cm in diameter, allowing for room between the muscle and the cylinder itself.  Each of the 3 devices being tested used an 18-gauge side port needle, an 18-gauge straight needle, and a slit catheter.  A saline solution at 37 degrees Celsius was added and all nine modalities were tested using the manufacturer’s specifications.  Results of the experiment showed that the use of an 18-gauge straight needle with any of the three devices consistently overestimated the intracompartmental pressure as it is easily clogged and subsequently measures a pressure different and slightly elevated to that of the tissue surrounding the needle (Boody & Wongworawat, 2005).  The least accurate device was the Whitesides apparatus, while results showed the Arterial Line Manometer with a slit catheter was the most accurate, displaying minimal bias and minimal standard error.  The Stryker slit catheter also produced favorable results, including a negligible bias (Boody & Wongworawat, 2005).  For the diagnosis of CECS, intracompartmental pressures of ≥15 mmHg before exercise, ≥30 mmHg 1 minute after exercise, or prolonged pressure of ≥20 mmHg after 5 or more minutes of rest after the completion of exercise must be observed (Touliopolous & Hershman, 1999).  Cook & Bruce (2002), Simmons et. al. (2002), and Gebauer et. al. (2005) also reported these numbers as the standard for CECS diagnosis.  Turnipseed (2002) reported resting pressures between 16 mmHg and 24 mmHg as highly suggestive of chronic compartment syndromes and pressures exceeding 25 mmHg were diagnostic of this condition.  Much of the research on CECS involves the Stryker Intracompartmental Pressure Monitor System as their means of diagnosis.  Possibilities for this include the fact that it is the only hand held monitor on the market today, it is also quick to set up and involves disposable components for quick transition and measurements.  The Stryker Monitor is also cost-effective, including a low initial purchase and economical disposable parts 
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According to Matsen et. al. (1980), many compartmental syndromes can be diagnosed from clinical signs and symptoms alone, without the use of an intracompartmental pressure measuring device.  Signs and symptoms include increased pain in the affected compartment; pain and weakness when a passive stretch is applied to the muscles of the affected compartment; hypoesthesia, or a reduced sense of touch or sensation caused by compressed nerves in the affected compartment; red, shiny skin over the affected compartment; possibility of a bulge over the affected compartment (Englund, 2005).  The pain experienced with CECS begins shortly after exercise has commenced, and ceases when activity is stopped.  The involvement of nervous tissue in CECS makes the diagnosis all that much more important, as neurological damage can be permanent if this condition worsens.


A fasciotomy is a surgical procedure that involves a division of the fascia covering the affected compartment (Leversedge et. al., 2002).  This procedure remains the only effective long-term treatment for CECS.  Those suffering from CECS can choose not to have a surgical procedure to correct the condition, but they will not be able to resume activity to their previous level.


Surgical scissors or a device known as a fasciotome are commonly used to release the affected compartmental fascia during a fasciotomy procedure (Leversedge et. al., 2002).  When performing any surgical procedure care must be taken to avoid damaging any of the nerves in the lower limb, including the superficial peroneal nerve of the lateral compartment.  Mubarak and Owen (1977) used cadavers in their research by infusing each of the four compartments in the lower limb with a saline solution by a small bore needle.  A wick catheter was used to monitor intracompartmental pressure and the pressure was increased from normal, 0 – 5 mmHg, to 30 – 90 mmHg.  Two incisions were made; however, the method used was the One-Incision as each incision was used to release two different compartments.  In the cadaver experiments, the skin incision down to the fascia uniformly decreased the intracompartmental pressure by an average of only 5 mmHg.  When the One-Incision method was performed, pressures in each compartment returned to normal range.  Although this study documents the effects of a fasciotomy on increased compartmental pressure, the fact that it is not performed on living tissue rules out any follow up with the patients.  Long term outcomes cannot be documented, and therefore this study only shows that compartmental pressure can be decreased, but not for how long.  


In the One-Incision Endoscopically Assisted procedure of the lateral compartment documented by Leversedge et. al. (2002), a 4cm longitudinal skin incision was centered over the midpoint of the fibula.  Subcutaneous dissection is continued down to the level of the deep fascia, followed by an exposure of the intermuscular septum of the affected compartment.  Styf and Korner (1986) also employed the One-Incision technique over the anterior compartment, using a 7 – 8cm incision over the affected compartment as their entry point.  The fascia was then incised two centimeters lateral to the anterior border of the tibia along the entire length of the compartment from the fibular head to the anterior retinaculum proximal to the ankle joint (Styf & Korner, 1986).  Patients were evaluated at 8 and 25 months post-operation to compare preoperative and postoperative conditions, activity levels, and satisfaction with surgery.  Of the 19 patients to receive the fasciotomy, only 10 (53%) were satisfied with their condition 8 months post-operation, compared with 74% (14 out of 19) at 25 months post-operation (Styf & Korner, 1986).  This could be due to the recovery time needed to fully heal and return to level of previous exertion.  The One-Incision method has decreased in popularity and Leversedge et. al. (2002) claim it has been abandoned due to the fact that it presents a difficulty in visualizing the proximal and distal extent of the compartment fascia and an unpredictable effectiveness of compartment release.  In their study only 83% of the anterior compartmental fascia was released, on average, and 81% of the lateral compartmental fascia.  Scheltinga et. al. (2006) conducted a study in which the One-Incision technique was employed, and the overall long-term results were favorable.  Of the 72 patients initially included in the study, 56 (94 symptomatic legs) were available for long-term assessment, and 88 legs remained asymptomatic at 5.2 +/- 1.4 years.  In any surgical technique, care must be taken to not cause damage to surrounding structures.  In the study by Scheltinga et. al., 2% of the legs operated on had damage to the superficial peroneal nerve.

Leversedge et. al. (2002) described the Two-Incision method for anterior and lateral compartment release involving two 2cm longitudinal skin incisions on the lateral portion of the lower limb.  The leg was divided up into thirds with the first incision at the junction of the proximal and middle thirds, and the second incision at the junction of the middle and distal thirds.  The method used in incising the fascia and releasing the affected compartments is continuous with that of the One-Incision method, with care taken to protect the superficial peroneal nerve at the distal incision.  Results in fascial release using the Two-Incision method were much higher than the One-Incision method, with an average of 99.8% of the anterior compartment fascia and 96.4% of the lateral compartment fascia being released (Leversedge et. al, 2002)


Mouhsine et. al. (2006) also documented 18 fasciotomies between 1999 and 2002 and their success rates.  One surgeon performed all the procedures, which involved two vertical skin incisions of 2cm each over the anterior compartment, with the distance between the two incisions averaging 15cm.  Again, care was taken to identify and avoid the superficial peroneal nerve.  Although 100% of the patients were documented as showing good results and resuming activity post-operation, the study neglects to mention the level of activity resumed, although we can assume that a return to activity of any level suggests a successful surgical procedure.


Schepsis et. al. (2005) conducted an experiment that involved athletes with a previous fasciotomy which did not alleviate any of the symptoms over the long term.  All compartment pressures were assessed using a slit catheter.  Just as in the Mouhsine et. al (2006) study, one surgeon performed all the procedures and the technique used was not varied throughout the course of the study.  The Two-Incision method was employed, including a larger distal incision and smaller proximal incision.  A portion of the fascia, a 1cm strip, was removed distally and then again proximally.  At a range of 22 – 67 months post-operation, patients were asked to rate their satisfaction with the surgery with regards to the level of activity they were able to resume and whether it was equal to the amount they were doing before the surgery.  Overall, 72% (13 or 18) of patients had a satisfactory outcome with 5 reporting an “excellent” result (where the patient considered themselves pain free and “cured”), and 8 reporting a “good” result (where the patient experienced minimal discomfort with activity, but were glad to have undergone the surgery) (Schepsis et. al., 2005).


As stated by Bell (1986), a compartment decompression (fasciotomy procedure) has failed if the patient’s symptoms persist and pressure studies remain positive.  During a study conducted by Bell in 1986, 5 healthy male patients who had undergone anterior compartment decompression and whose symptoms persisted for at least 6 months post-operation were selected for fasciectomy.  During the procedure, a 10cm long incision was made over the centre of the anterior compartment.  A segment of fascia 15cm long was then excised, extending from the medial aspect of the tibia to the peroneal compartment fascia laterally.  The remainder of the anterior fascia was then split along its entire length.  6 months post-operation no patient exhibited any leg pain during exercise.  Pressure measured in the affected compartment during exercise dropped on average of 64%.  Again, these results are for 6 months post-operation, with no further results being tabulated.  More studies need to be conducted involving long-term outcomes to determine the efficacy of fasciectomy for the treatment of CECS.


A variety of surgical treatments still exist for the decompression of CECS, and all can be effective in helping athletes return to their sport.  With respect to the One-Incision technique, care must be taken when performing this surgery so no damage is inflicted on another structure in or close to the compartment, specifically any neural structure in the area.  Future research on CECS could be directed towards prevention by comparing the training schedules, biomechanics, genetics, and other factors that may predispose an athlete to this injury.  As athletic trainers and clinicians, our job is to not only help rehabilitate an injury, but also determine what caused the injury in the first place, especially a chronic injury with an insidious onset.

References

Bates, P.  (1985).  Shin splints: A literature review.  British Journal of Sports Medicine, 19 (3): 


132 – 137.

Bell, S (1986).  Repeat compartment decompression with partial fasciectomy.  British Editorial 


Society of Bone and Joint Surgery, 68-B (5): 815 – 817

Boody, A.R., & Wongworawat, M.D.  (2005).  Accuracy in the measurement of compartment 
pressures: A comparison of three commonly used devices.  The Journal of Bone and Joint 
Surgery, 87A (11): 2415 – 2422. 
Bong, M.R., Polatsch, D.B., Jazrawi, L.M., & Rokito, A.S. (2005).  Chronic exertional compartment 
syndrome: Diagnosis and management  Hospital for Joint Diseases, 62 (3, 4): 77 – 84.

Cook, S., & Bruce, G. (2002).  Fasciotomy for chronic compartment syndrome in the lower limb.  

Australian and New Zealand Journal of Surgery, 72: 720 – 723.

Cosca, D.D., & Navazio, F. (2007).  Common problems in endurance athletes.  American Family


Physician, 76 (2): 237 – 244.

Englund, J. (2005).  Chronic compartment syndrome: Tips on recognizing and treating.  The 
Journal of Family Practice, 54 (11): 955 – 960.

Gebauer, A., Schultz, C.R., & Giangarra, C.E. (2005).  Chronic exercise-induced leg pain in an 
athlete successfully treated with sympathetic block.  The American Journal of Sports 
Medicine, 33 (10): 1575 – 1578.

Leversedge, F.J., Casey, P.J., Seiler III, J.G., & Xerogeanes, J.W. (2002).  Endoscopically assisted 


fasciotomy: Description of technique and in vitro assessment of lower-leg compartment


decompression.  The American Journal of Sports Medicine, 30 (2): 272 – 278.

Matsen, F.A., Winquist, R.A., & Krugmire, R.B. (1980).  Diagnosis and management of 
compartmental syndromes.  The Journal of Bone and Joint Surgery, 62A (2): 286 – 291.

Mouhsine, E., Garofalo, R., Moretti, B., Gremion, G., & Akiki, A.  (2006).  Two minimal incision 


fasciotomy for chronic exertional compartment syndrome of the lower leg.  Knee Surgery,


Sports Traumatology, Arthroscopy, 14: 193 – 197.

Mubarak, S.J., & Owen, C.A.  (1977).  Double-incision fasciotomy of the leg for decompression in


compartment syndromes.  Journal of Bone and Joint Surgery, 59A (2): 184 – 187.

Netter, F.H. (1997).  Atlas of Human Anatomy.  (2nd edition).  Philadelphia: Rittenhouse Book 
Distributors Inc.

Sheltinga, M.R., de Fijter, W.M., & Luding, M.O.  (2006).  Minimally invasive fasciotomy in 


chronic exertional compartment syndrome and fascial hernias of the anterior lower leg: 


Short and long term results.  Military Medicine 171: 399 – 403.

Schepsis, A.A., Gill, S.S., & Foster, T.A.  (1999).  Fasciotomy for exertional anterior compartment 
syndrome: Is lateral compartment release necessary?  The American Journal of Sports


Medicine, 27 (4): 430 – 435.

Schepsis, A.A., Fitzgerald, M., & Nicoletta, R.  (2005).  Revision surgery for exertional anterior


compartment syndrome of the lower leg: Technique, findings, and results.  The American


Journal of Sports Medicine, 33 (7): 1040 – 1047.

Slimmon, D., Bennell, K., Brukner, P., Crossley, K., & Bell, S.N.  (2002).  Long-term outcome of 


fasciotomy with partial fasciectomy for chronic exertional compartment syndrome of the 


lower leg.  The American Journal of Sports Medicine, 30 (4): 581 – 588.

Styf, J.R., & Korner, L.M. (1986).  Chronic anterior-compartment syndrome of the leg.  Results of 


treatment by fasciotomy.  The Journal of Bone and Joint Surgery, 68A (9): 1338 – 1347.

Touliopolis, S., & Hershman, E.B.  (1999).  Lower leg pain: Diagnosis and treatment of 
compartment syndromes and other pain syndromes in the leg.  Sports Medicine, 27 (3): 


193 – 204.

Turnipseed, W.D.  (2002).  Diagnosis and management of chronic compartment syndrome.  
Surgery, 132 (4): 613 – 619.

