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A Clinical Review of Stress Fracture of the Tarsal Navicular Bone in Athletes
Abstract

The incidence, diagnosis and treatments of athletes with stress fracture of the tarsal navicular are reviewed. Stress fractures of the navicular are common among track and field and running athletes and contribute a large number of all stress fractures in the podiatric sports medicine clinic. Diagnosis of navicular stress fractures are often delayed as plain film radiographs are often negative, symptoms are vague. Investigations should include bone scans and stress fracture must be confirmed on CT scan. The practitioner should keep a high index of suspicion of this stress fracture. Non-weight bearing cast immobilisation for six weeks is the definitive treatment of choice for this stress fracture. Follow up is based on clinical assessment of the fracture site. A six week program of gradual return to activity is suggested inconjunction with rehabilitation of soft tissue changes that occur following cast immobilisation.

Introduction

Diagnosis of stress fracture of the tarsal navicular is often delayed and several authors still express the opinion that this injury is still underdiagnosed (Fitch 1982, Hunter 1981, Pavlov 1983, Roper 1986). The delay in diagnosis may occur because of the reasons which are discussed in this paper. Stress fractures of the tarsal navicular have been responsible for prolonged disability due to delayed union and in some athletes a return to activity is impossible where non-union has resulted (Fitch et al 1989, Khan et al 1992, Orava et al 1988). It is essential that the practitioner hold a high index of suspicion of stress fracture of the tarsal navicular with regard to the varying clinical manifestations of this injury to ensure prompt diagnosis and correct management.

In the literature, a range of treatments have been reported for the management of tarsal navicular stress fracture in athletes. These include weight bearing rest (WBR), weight bearing cast (WBC) immobilisation, non-weight bearing cast (NWBC) immobilisation and surgical intervention. Conservative management of weight bearing rest is often sufficient for treatment of other common lower limb stress fractures including the femur, tibia, fibula and metatarsals. Stress fracture of the tarsal navicular is a common injury in the sports medicine centre (Agosta 1994) and is an injury notorious for delayed and non-union of the fracture site to occur when diagnosis is prolonged and definitive treatment is not employed.

Incidence

Stress fractures in the podiatric sports medicine clinic represent eight per cent of the total number of injuries (Agosta 1994). Navicular stress fractures make up 20 per cent of all stress fractures and 1.6 per cent of the total injuries in this podiatric sports medicine clinic within a sports medicine centre (Agosta 1994). In the literature navicular stress fracture has been reported with varying incidence (Table 1). 

Table 1. Incidence of navicular stress fracture in the literature as a percentage of all stress fractures. * study includes all tarsal stress fractures

Stress fractures of the navicular occur in athletes participating in a variety of sports. The most common sports with greater incidence of navicular fractures are presented in table 2. The most common are the multi event track and field athletes (48) including decathletes, heptathletes, jumpers and hurdlers, the running athletes (47) including sprinters, middle and long distance runners, Australian rules footballers (28) and the basketballers (13).

Table 2. Distribution of subjects presenting with navicular stress fracture among different sports.

Delayed diagnosis

Diagnosis of navicular stress fracture is notorious for often being delayed. Torg et al (1982) present 21 cases with an average time to diagnosis of 7.5 months (range 1 month to 38 months) and Khan et al (1992) present 86 cases with an average time to diagnosis time of 4 months (range 1 to 36 months). The more recent series record diagnosis times averaging under 4 months and as short as three days (Kiss et al 1993).

The delay in diagnosis may be due to several reasons. Symptoms experienced by the athlete are vague in nature and ill-defined. Initially this is often not severe enough to cause the athlete to cease activity and the discomfort often subsides quickly after stopping activity. The diagnosis may be overlooked because the pain is often experienced away from the fracture site. Plain film radiographs are usually negative in detecting navicular stress fractures.

Clinical features

Onset of symptoms is usually insidious. The athlete’s symptoms are aggravated by activity though subside quickly with the cessation of activity. Symptoms experienced include a vague dull aching over the dorsum of the foot though areas of pain are often ill-defined. Characteristically there is minimal or no swelling and no local discolouration over the dorsal aspect of the navicular.

It is common to have radiating pain along the medial longitudinal arch. This may be because the medial-plantar nerve supplies the talo-navicular joint (Alfred et al 1992, Georgen et al 1981, Khan et al 1992). Keene et al (1986) report that a cramping sensation along the medial longtudinal arch may be described. It has been the experience of this author that there have been several subjects with stress fracture of the tarsal navicular bone who have presented with pain away from the talo-navicular region. Of fifteen subjects, four presented with pain over the dorsum of the forefoot with symptoms of metatarsal head or metatarsophalangeal joint pain. The deep peroneal nerve runs over the talo-navicular joint and continues along to the forefoot innervating the hallux and adjacent second digit. In four other subjects pain over the lateral aspect of the foot was the presenting complaint. This may be due to a branch of the deep peroneal nerve at the level of the talo-navicular joint which innervates the lateral aspect of the foot in the region of the cuboid.

Examination of stress fracture of the navicular reveals tenderness over the central proximal dorsal portion. This is over the site of navicular stress fracture and has been noted as the ‘N spot’ (Figure 1) (Brukner et al 1993). The examiner must invert and evert the foot palpating the talo-navicular joint and then locate this spot on the navicular. Tenderness over the lateral aspect of the dorsal surface of the navicular has been noted by Fitch et al (1989).

Several authors have noted that in subjects presenting with navicular stress fracture that ankle and subtalar joint range of motion may be limited (Keene et al 1986, Khan et al 1992, Torg et al 1982). Roper et al (1986) note no ankle joint limitation or crepitation. It is uncertain whether limited dorsiflexion is a result of the pathology of navicular stress fracture or a biomechanical anomaly contributing to the aetiology of this fracture. In the series of 15 subjects with navicular stress fracture in this clinic (Agosta 1994), all subjects were subject to lower limb biomechanical assessment. Thirteen subjects presented with limited dorsiflexion of the ankle joint. It is the author’s opinion that limited ankle joint dorsiflexion is a common anomaly contributing to compensatory mid-tarsal joint dorsiflexion causing talo-navicular joint compression. In the series by Agosta (1994) no remarkable limitations in subtalar joint ranges were noted. Midtarsal joint range of motion may be reduced when compared to the unaffected foot. Weight bearing tests include running on the spot and hopping which may initiate pain and/or an inability to continue with exercise (Fitch et al 1982).

Figure 1. Palpation of the site of navicular stress fracture.

Investigations

Plain film radiography is not sensitive enough in detecting fracture of the navicular. Khan et al (1994) report a high incidence of negative plain film radiography. Gordon et al (1985) report initial false negative findings to be as high as 71 per cent. Plain radiography may reveal sclerosis of the proximal articular aspect of the navicular which indicates an area of stress, though Pavlov et al (1987) have reported this sclerosis as a normal finding.

Radionuclide scanning is the investigation of choice in demonstrating increased bone stress in the navicular. Khan et al (1994) report a series of 105 radionuclide scans which show increased focal uptake in the navicular region. Of this series, 82 had a false negative plain film result. The positive bone scan shows focal uptake in the navicular outlining the entire bone (Figure 3).

Figure 2. Positive bone scan of stress fracture of the tarsal navicular bone.

A positive bone scan indicates an area of stress though must be correlated with computerised tomography (CT) scans and clinical findings to confirm diagnosis (Georgen et al 1981). Bone scans may indicate a broad spectrum of bone injury including bone strain and stress reaction of bone (Matheson et al 1987). There may be increased activity in the navicular but no fracture. CT scanning must be used to determine the presence (or extent) of stress fracture in the navicular. CT scannning techniques must be altered so that the gantry is angled to allow scanning in the coronal plane parallel to the talo-navicular joint. This enables greater resolution of the fracture since stress fracture of the navicular occurs in the sagittal plane and in the central one-third (Figure 3) (Kiss et al 1993).

Figure 3. Positive CT scan of stress fracture of the tarsal navicular bone.

Management

Review of literature

There are several reports in the literature on the treatment of navicular stress fracture. Torg et al (1982) and Khan et al (1992) report data on large sample groups that describe the propensity for failed treatment to occur.

Torg et al (1982) reported the outcomes of 21 cases of navicular stress fractures managed with WBR, WBC immobilisation, NWBC immobilisation and surgery followed by NWBC immobilisation. From five cases managed with WBR, three fractures (60 per cent) developed non-union while two fractures had complete healing. In this same series, four cases were managed with WBC immobilisation. Three fractures (75 per cent) had delayed healing while one fracture went on to non-union. A total of 10 cases were managed with NWBC immobilisation for a period of six to eight weeks. All 10 (100 per cent) fractures completely healed. The remainding two cases had surgery and six weeks of NWBC immobilisation and completely healed.

Khan et al (1992) report on the treatment outcomes of 76 fractures demonstrated with computed tomography (CT). Of 34 cases treated with WBR, nine (26 per cent) successfully healed. Of six fractures treated surgically, five (83 per cent) were successfully healed. From 22 fractures treated with NWBC, 19 (86 per cent) successfully healed.

Torg et al (1982) report 100 per cent success rate with NWBC immobilisation, 100 per cent success for NWBC and surgery, 40 per cent success with WBR, and no success for WBC. Khan et al (1992) report a success rate of 86 per cent for NWBC, 83 per cent for NWBC and surgery and 26 per cent success for WBR. In review of these two reports and other literature, the outcomes of treatment for navicular stress fracture are summarised in Table 3.

Table 3. Successful outcomes for different treatments of tarsal navicular stress fracture.

Recommended management

The athlete with midfoot pain aggravated on activity, tenderness of the dorsal proximal aspect of the navicular and positive bone and CT scans should be treated with non-weight bearing cast immobilisation. Strict non-weight bearing must be emphasised for a six week period.

Immobilisation is achieved with below knee casting and maintaining the foot in a slightly dorsiflexed position. In the literature the duration of casting varies from three to 12 weeks. Khan et al (1992) report the outcomes of a group of subjects treated with NWBC for three to five weeks having 73 per cent success. This is in contrast to the group treated with six weeks of NWBC having 86 per cent success.

In the literature, subjects who had failed management of WBR, WBC or NWBC finished having surgery. Two main surgical procedures employed in the treatment of navicular fracture include open reduction internal fixation and bone grafting. Surgery is followed with a six week period of NWBC immobilisation.

The importance of bone scan and CT scan is essential in order to differentiate between stress reaction and stress fracture (Matheson et al 1987). A stress reaction of the navicular bone requires different management to a fracture. The preferred management being weight bearing rest as compared to non-weight bearing cast immobilisation for navicular fracture. Khan et al (1992, 1994) describe that two weeks weight bearing rest followed by two weeks of gradual return to activity is appropriate. This may explain the success of WBR management reported. In many cases, bone scan was performed though CT was not.

Follow up

In this centre, subjects are reviewed three weeks after cast application. This is an opportunity to evaluate any problems associated with the cast and most importantly reiterate the importance of continuing total non-weight bearing for the entire six week period.

Following cast removal, assessment of healing is clinical. Often following NWBC immobilisation, subjects experience diffuse discomfort related to parasthesia and ankle, subtalar and midtarsal joint stiffness. Palpation of the fracture site is essential to determine persistent tenderness and to differentiate between discomfort of joint stiffness. Subjects with definite tenderness require a further two weeks of NWBC immobilisation (Khan et al 1994). If the navicular bone is not tender, the athlete may begin passive mobilisation and weight bearing.

Further radiological investigations are not useful for evaluating healing and are not indicated following cast removal. Alfred et al (1992) and Khan et al (1992) confirm that CT scan findings lag behind a clinically healing fracture. In this centre, there are many cases where athletes have successfully returned to training and competition with a visible fracture line on CT.

Returning to activity

In this clinic, athletes are advised to begin with two weeks of normal daily activities and swimming following cast removal. After this initial period and if there are no signs or symptoms of navicular pain, two weeks of easy running and walking for approximately 10 minutes on alternate days is advised. Again, if there are no problems the athlete may increase easy running to 15 to 20 minutes on alternate days including shorter ‘stride outs’ of quicker running. At six weeks the athlete may continue to gradually increase training.

During this six week period of returning to activity, rehabilitation with physiotherapy and soft tissue therapy is essential. Joint stiffness and muscle weakness from being immobilised must be corrected before resuming full training. Soft tissue tightness of the deep compartment and gastroc-soleus complex in the leg must also be treated.

The contribution of abnormal biomechanics should be assessed. As in other stress fractures of the lower limb, controlled clinical research is limited in determining any particular biomechanical anomalies that may be common to all athletes presenting with navicular stress fracture. Significant biomechanical anomalies including ankle joint equinus and excessive pronation should nevertheless be corrected.

Conclusion

Navicular stress fractures are common in the podiatric sports medicine clinic particularly when high numbers of track and field and running athletes are encountered. The clinician must have a high index of suspicion of navicular stress fractures when diagnosing foot pain, as symptoms from this fracture are vague and radiate distally and laterally. Bone scan is the investigation of choice and any fracture must be confirmed by CT scan so the appropriate treatment may be employed. Early diagnosis is of importance as microangiography studies by Torg et al (1982) of the blood supply of the navicular show relative avascularity of the central one third of the bone. This is the consistent site of the fracture and may explain the propensity of delayed healing or non-union of navicular stress fractures to occur. Khan et al (1992) have reported that the highest success rate of treating stress fracture of the tarsal navicular is when early diagnosis is combined with six weeks or more of non-weight bearing casting immobilisation. Non-weight bearing cast immobilisation is the conservative treatment of choice for highest success of complete recovery. An appropriate follow up and return to activity regime including rehabilitation has been described.
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Tables

	Study
	Total of stress fractures
	% of navicular stress fracture

	Agosta              1994
	74
	20

	Bennell
	
	

	Brukner    et al 1994
	180
	14.4

	Matheson et al 1987
	320
	25.3*

	Orava        et al 1978
	142
	.7

	Orava        et al 1988
	369
	2

	Smith                 1982
	300
	2

	Taunton    et al 1981
	62
	3.2


Table 1. Incidence of navicular stress fracture in the literature as a percentage of all stress fractures. * study includes all tarsal stress fractures

	Sports vs navicular #
	Agosta 1994
	Brukner 

et al 1994
	Fitch 

et al 1989
	Hulkko

et al 1985
	Khan

et al 1992
	Orava

et al 1991
	Torg 

et al 1992

	Subjects
	15
	26
	18
	9
	86
	9
	19

	Aust r foot
	2
	2
	6
	
	20
	
	

	Amer foot
	
	
	
	
	
	
	4

	Baseball
	
	
	
	1
	
	1
	

	Basketball
	
	1
	1
	
	7
	
	6

	Cricket
	
	
	
	
	1
	
	

	Dance
	
	
	
	
	1
	
	1

	Gymnastics
	
	
	
	
	1
	
	

	Hockey
	
	
	1
	
	1
	
	

	Multi event
	2
	19*
	4
	4
	36
	2
	

	Orienteer
	1
	
	
	
	
	
	

	Running
	10
	1
	5
	2
	19
	5
	6

	Skiing x-c
	
	
	
	1
	
	
	

	Soccer
	
	
	
	1
	
	1
	1

	Squash
	
	
	1
	
	
	
	

	Tennis
	
	1
	1
	
	
	
	1

	Tennis
	
	1
	
	
	
	
	


Table 2. Distribution of subjects presenting with navicular stress fracture among different sports in literature from Brukner et (1994)* includes all track athletes, Fitch et al (1989), Hulkko et al (1985), Khan et al (1992), Orava et al (1991) and Torg et al (1992).

	Treatment
	Towne et al (1975)
	Georgen et al (1981)
	Hunter (1981)
	Torg et al (1982)

	No. of cases
	2
	2
	2
	21

	WBR
	
	
	0/2
	2/5

	WBC
	0/1
	
	
	0/4

	NWBC
	
	1/1
	
	10/10

	NWBC & surgery
	1/1
	1/1
	
	2/2


	Treatment
	Gordon & Solar (1985)
	Miller & Poulos (1985)
	Roper et al (1986)
	Orava & Hulkko(1988)

	No. of cases
	4
	1
	1
	9

	WBR
	1/1 
	
	
	0/4

	WBC
	
	
	1/1
	

	NWBC
	3/3
	1/1
	
	

	NWBC & surgery
	
	
	
	


	Treatment
	O’Connor et al (1990)
	Alfred et al (1992)
	Khan et al (1992)
	Total

	No. of cases
	3
	1
	76
	122

	WBR
	
	1/1
	9/34
	13/46      28%

	WBC
	0/2
	
	
	1/8       12.5%

	NWBC
	0/1
	
	19/22
	34/38      89%

	NWBC & surgery
	
	
	5/6
	9/10        90%


Table 3. Successful outcomes for different treatments of tarsal navicular stress fracture.
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