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Introduction

Flexor tenosynovitis (FTS) is a common orthopedic diagno-
sis leading to consultation, comprising 2% to 9% of hand 
infections, and can be difficult to diagnose.1-3 The source of 
infection may be penetrating injury or hematogenous 
spread.1 The flexor tendon sheath provides nutrition while 
allowing optimal gliding and restraint to tendons. When 
bacteria, most commonly Staphylococcus or Streptococcus 
species, invade the sheath, they are difficult to treat using 
antibiotics alone, with surgery often required.4-6 Associated 
morbidity from FTS can be significant, with finger stiffness 
common, even with otherwise satisfactory outcomes. Ten-
don rupture, amputation, and systemic infection are a few 
complications stemming from FTS if diagnosis is missed or 
delayed.7,8 This being said, treatment within 48 hours of 
onset has shown 80% excellent outcomes, understating the 
importance of early, accurate diagnosis.9,10

Diagnosis of FTS has historically been by physical 
examination, specifically Kanavel’s signs that include uni-
form swelling, tenderness to palpation along the flexor 

tendon, pain with passive extension of the digit, and flexed 
posturing of the digit.11 Kanavel’s signs have been thought 
to have high sensitivity, especially with multiple positive 
signs.12 However, Hyatt and Bragg4 reported up to 46% of 
patients with surgically proven FTS did not exhibit all 4 
Kanavel signs preoperatively. This makes clinical diagnosis 
of FTS challenging, possibly delaying treatment.13 Addi-
tionally, the specificity of Kanavel’s signs has been reported 
at 51% to 69%, indicating sometimes surgeons are operat-
ing on patients without FTS, causing unnecessary morbid-
ity.12 Other diagnostic tools include white blood cell (WBC) 
count, erythrocyte sedimentation rate (ESR), and C-reac-
tive protein (CRP). However, these are nonspecific and 
may be normal, giving them minimal use diagnostically.14  
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Radiographic soft tissue swelling also does not distinguish 
FTS from other causes.15 Magnetic resonance imaging 
(MRI) has been described in aiding diagnosis but sensitivity 
and specificity have not been well studied.16 Additionally, 
MRI access and time spent obtaining MRI may delay diag-
nosis, with a negative impact on patient outcomes. Ultra-
sound has been briefly studied as a diagnostic tool with high 
sensitivity, but mediocre specificity.17 Most case reports 
have described severe FTS and may not represent the true 
predictive value of all FTS cases.18-20 Ultrasound also comes 
with inherent user variability and limitations with access 
and equipment quality.

The use of computed tomography (CT) in diagnosing 
FTS has not been studied. Reinus et al21 reported on CT 
identification of infectious extensor tenosynovitis, where 
contrast enhancing fluid was seen within the tendon sheaths. 
Given widespread access to CT, the speed at which CT can 
be performed, and its objectivity compared to adjuncts like 
ultrasound, it may be a valuable adjunct to Kanavel’s signs 
in accurately diagnosing FTS. Furthermore, CT may distin-
guish FTS from other causes of hand infection.22 Currently, 
a CT is not always ordered when diagnosing FTS, but some 
physicians obtain them when the diagnosis is not straight-
forward. At our institution, we found that many patients 
with finger infections had contrast-enhanced CT scans per-
formed prior to the Emergency Department consulting 
orthopedics. In subsequent evaluation of these CTs, fluid 
within the tendon sheath, representing a “target sign,” was 
noted in FTS. The aim of this study is to evaluate the use of 
CT in providing objective data to aid in the prompt diagno-
sis of FTS. We hypothesize that contrast-enhanced hand CT 
scans will demonstrate sensitive and specific diagnostic 
measurements to help differentiate FTS from finger celluli-
tis (FC).

Materials and Methods

Following institutional review board approval, we retro-
spectively reviewed adult patients ≥ 18 years old who were 
admitted to one of 3 local hospitals with diagnoses of FTS 
or FC and who had all undergone a CT of their hand during 
admission. Clinician judgment by the attending emergency 
department physician was used regarding when a hand CT 
was believed necessary. In order to be included in the FTS 
cohort, a diagnosis of FTS must have been established in 
the operating room at the time of tendon sheath incision and 
drainage (I&D), based on purulence and subsequent posi-
tive culture growth. CPT and ICD.10 procedure codes were 
used to identify patients who had undergone tendon sheath 
I&D and charts were manually reviewed to ensure infection 
was noted at the time of I&D. The FC cohort was identified 
using ICD.10 diagnosis codes and any patients with con-
comitant FTS were not included in this group. Other exclu-
sion criteria for both cohorts included any patient without a 

contrast-enhanced hand CT available for review, a CT with 
too much artifact that the reviewer felt an accurate measure-
ment could not be reliably obtained, and those without 
physical examination documentation.

After inclusion criteria were met, a total of 35 patients 
made up the FTS group. These 35 comprised 23% of the 
150 patients with operatively diagnosed FTS, with 111 
patients excluded for having no CT, 2 did not have docu-
mented physical examination findings and 2 did not have 
positive culture growth to confirm infectious FTS. Next, 
1265 patients were identified that met the ICD.10 diagnosis 
code for FC. Of these, 84 had received a CT scan and 31 
were subsequently excluded due to insufficient physical 
examination documentation. Out of the remaining 53 
patients, 35 were chosen at random to create a similarly 
sized cohort compared to the FTS group, with no specific 
matched variables. Additional demographic data are avail-
able in Table 1.

Next, details of each patient’s presentation were recorded 
including number of Kanavel signs on physical exam, pres-
ence of fever, WBC count, CRP, and ESR (Table 1). A hand 
surgeon individually evaluated 86% of the patients in the 
study.

Additionally, each patient’s contrast-enhanced CT scan 
was closely evaluated and measured by one of the authors 
to maintain consistency with measurement techniques. 
The author was blinded as to which cohort the patient was 
in when reviewing their CT scans. Each CT was performed 
using a GE (General Electric, Boston, Massachusetts) unit 
with 2.5 mm slices in the axial plane. The finger in ques-
tion was first identified based on charted notes and viewed 
in the axial plane on CT from proximal to distal, starting 
just proximal to the metacarpophalangeal (MCP) joint and 
moving distally toward the flexor tendon attachment at the 
base of the distal phalanx. Identification of any contrast 
enhancing fluid within the flexor tendon sheath was noted 
(Figure 1) and then measured at its site of largest enhance-
ment, which was recorded. Measurements of the tendon 
width (Figure 2a) and the width of the entire tendon sheath 
including contrast enhancing fluid (Figure 2b) were 
recorded in the coronal and sagittal planes. These mea-
surements are seen in Table 2. If no obvious fluid was 
identified, measurements were obtained at the level of the 
proximal phalanx in the axial plane (Figure 3a and 3b). In 
approximately 20% of patients where the dorsal aspect of 
the flexor tendon sheath was immediately adjacent to 
bone, the flexor tendon sheath was measured from the 
volar surface of the phalanx to the volar extent of the 
sheath. A ratio was then created by dividing the width of 
the tendon sheath by the width of the tendon in both coro-
nal (Figure 4a) and sagittal (Figure 4b) planes in order to 
establish a fixed relationship that eliminated individual 
anatomic variances. The primary outcome measure com-
pared CR and SR between the FTS group and the FC 



Myers et al 1325

group. Secondarily, we evaluated the sensitivity, speci-
ficity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of these ratios, both alone and 
coupled with Kanavel’s signs, to best judge the likeli-
hood of infectious FTS with the help of CT measure-
ments.

Statistical Analysis

After data collection, descriptive statistics were performed 
with means, ranges, and confidence intervals calculated for 
continuous variables and compared using 2-tailed student’s 
t-tests. Frequencies were calculated for dichotomous vari-
ables and compared using Fisher’s exact test for increased 
accuracy in small proportion analysis. Sensitivity, speci-
ficity, PPV, NPV, and + LR were calculated in regard to 

multiple clinical scenarios. To better identify the predictiv-
ity of FTS based on CT, bivariate logistic regression analy-
sis was used to estimate the odds of FTS associated with 
multiple variables while adjusting for confounding factors. 
Holm-Bonferroni step-down method was used to account 
for increases in type 1 error due to multiple comparisons. A 
significance level of P < .05 was used.

Results

Overall, 70 patients were included in the study, with 35 in 
the FTS group and 35 in the FC group. There were no sta-
tistically significant differences in demographics between 
the 2 groups. However, when comparing vital signs, labora-
tory values, and physical examination findings, there were 
several notable differences (Table 1). The number of Kana-
vel signs identified was, on average, significantly higher in 
the FTS group at 2.9 compared to 0.5 in the FC group  
(P <.05). Additionally, all individual Kanavel signs had a 
higher incidence of detection in the FTS group, with pain to 
palpation being most common and flexed digit posture 
being least common in the FTS population. Uniform swell-
ing was noted in 29% of FC patients, decreasing the speci-
ficity of this finding for FTS.

Computed tomography findings are described fully in 
Table 2. Radiologists only detected fluid in the flexor tendon 
sheath in 51% of the FTS group, compared to 97% that were 
detected retrospectively by our observer. Patients were noted 
to have maximal swelling in the tendon sheath at the level of 
proximal phalanx 77% of the time, with 20% at the level of 
the MCP joint or just proximal. Flexor tendon sheath width 
was larger in the FTS group in both coronal and sagittal 
planes, while the tendon width itself was not statistically 

Table 1. Demographic and Injury Data. 

Variable Flexor tenosynovitis group* (n = 35) Finger cellulitis group* (n = 35) P value

Age (years) 47 ± 13 45 ± 9.9 .48
Gender (male) 22 (63%) 22 (63%) 1.0
BMI (kg/m2) 28.4 ± 7.5 27.5 ± 5.8 .57
Diabetic (Y) 7 (20%) 5 (14.3%) .75
History IV drug use (Y) 14 (40%) 14 (40%) 1.0
Number of Kanavel signs present 2.9 ± 1.1 0.5 ± 0.8 <.0001
Kanavel signs
 Fusiform swelling 27 (77%) 10 (29%) <.0001
 Pain to palpation 29 (83%) 1 (3%) <.0001
 Pain passive extension 27 (77%) 2 (6%) <.0001
 Flexed digit posture 19 (54%) 3 (9%) <.0001
Febrile (Y) 4 (11%) 2 (6%) .67
WBC (K/mcL) 12.0 ± 4.9 10.9 ± 3.4 .28
CRP (mg/L) 81.4 ± 77.5 49.9 ± 79.7 .17
ESR (mm/h) 36.5 ± 25.6 24.5 ± 23.7 .09

Note. BMI = body mass index; IV= intravenous; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
*Values are expressed as means ± standard deviations or as absolute values with percentages in parentheses.

Figure 1. Axial computed tomography scan demonstrating 
“target sign,” with contrast enhanced fluid surrounding the 
flexor tendon and expanding the flexor tendon sheath at the 
level of the proximal phalanx.
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different in either plane. The CR was 1.5 in the FTS group, 
compared to 1.2 in the FC group (P <.05), while the SR was 
1.7 and 1.2 in the FTS and FC groups, respectively (P < 
.05). Sensitivity, specificity, PPV, NPV, and positive likeli-
hood ratio (+LR) for CT abnormalities indicative of FTS 
are noted in Table 3. CR and SR cutoffs of ≥ 1.3 were cho-
sen as they provided the highest combined sensitivity and 
specificity for both CR and SR and provided a simple refer-
ence number to be used in practice. Similar calculations 
were performed for Kanavel signs. Sensitivity and specific-
ity were both improved with at least 2 Kanavel signs, with 
specificity increasing with the number of Kanavel signs. In 
an attempt to create a stronger, combined algorithm for pre-
dicting FTS, CT ratio findings ≥ 1.3 were combined with at 
least 2 positive Kanavel signs. This combination demon-
strated a sensitivity/specificity of 66%/97% and 86%/97% 
for the coronal and sagittal plane measurements, respec-
tively. The combination of a patient with ≥ 2 Kanavel signs 
and a ≥ 1.3 CR represents a 96% PPV, with a similar situa-
tion for SR ≥ 1.3 representing a 97% PPV.

Finally, binary logistic regression analysis of all cases 
combined was performed. This analysis showed that no 

demographic variables were predictors of FTS. Every 
increase in 1 Kanavel sign demonstrated a 14% increase in 
likelihood of FTS. For every increase in CR and SR by 0.1 
on CT, the likelihood of FTS increased by 5.9% and 5.5%, 
respectively.

Discussion

The primary goal of this study was to define whether con-
trast-enhanced CT scans can be used as another tool when 
differentiating between FTS and other hand infections. The 
aforementioned results support that CT does have a role as 
an adjunct to the commonly referenced Kanavel signs, 
especially when not all 4 signs are present.11 With the 
alleged sensitivity of Kanavel’s signs, FTS has long been 
referred to as a clinical diagnosis, and supplementary imag-
ing has been discouraged.12 However, we demonstrated that 
up to 66% of patients did not present with all 4 Kanavel 
signs. Even more, 26% of patients with confirmed FTS only 
showed 2 Kanavel signs. Surprisingly, specificity in our 
study was higher than previously reported by others.12 
Based on the high PPV and +LR, they continue to have 

Figure 2. Axial computed tomography scan of flexor tenosynovitis patient demonstrating (a) flexor tendon width measurements in 
both the coronal and sagittal planes and (b) flexor tendon sheath width measurements in both the coronal and sagittal planes.

Table 2. Radiographic Computed Tomography Findings.

Variable Flexor tenosynovitis group* (n = 35) Finger cellulitis group* (n = 35) P value

Radiologist reads fluid in tendon sheath (Y) 18 (51%) 0 (0%) <.0001
Study observer notes fluid in tendon sheath (Y) 34 (97%) 0 (0%) <.0001
Diameter of tendon sheath in coronal plane (mm) 11.4 ± 2.5 9.62 ± 1.5 <.001
Diameter of tendon sheath in sagittal plane (mm) 9.2 ± 2.8 6.2 ± 1.0 <.0001
Diameter of tendon in coronal plane (mm) 7.6 ± 1.8 8.3 ± 1.4 .09
Diameter of tendon in sagittal plane (mm) 5.5 ± 1.8 5.2 ± 0.9 .33
Ratio of tendon sheath diameter: tendon 

diameter in coronal plane (CR)
1.5 ± 0.2 1.2 ± 0.08 <.0001

Ratio of tendon sheath diameter: tendon 
diameter in sagittal plane (SR)

1.7 ± 0.3 1.2 ± 0.09 <.0001

Note. CR = coronal plane; SR = sagittal plane.
*Values are expressed as means ± standard deviations or as absolute values with percentages in parentheses.
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clinical utility. However, we demonstrate that some patients 
with FTS will still be misdiagnosed based on current prac-
tices, leading to delay in eventual treatment and increased 
patient morbidity.7,8 Unfortunately, other physical exam 
findings and laboratory markers do not provide much clar-
ity in diagnosing FTS. In this study, no statistically signifi-
cant increases in WBC, CRP, or ESR were noted to indicate 
usefulness in diagnosing FTS.

In order to decrease variability between patients based 
on stature, sex, and size of the injured finger, we created a 
ratio that compares both coronal and sagittal plane tendon 
sheath to tendon width. We found significantly higher ratios 
in both the coronal and sagittal planes in the FTS group 

compared to the FC group. These ratios are indicative of 
fluid, presumably infectious, surrounding the flexor tendon 
sheath, starving it of nutrients and likely altering its normal 
structure and function. We call this CT finding the “target 
sign,” with fluid surrounding the tendon. Both CR and SR 
were significantly higher in the FTS group at 1.5 and 1.7, 
respectively. SR ≥ 1.3 demonstrated sensitivity, specificity, 
PPV, and NPV of 100%, 94%, 95%, and 100%. CR ratio of 
≥ 1.3 was also evaluated and demonstrated 83% sensitivity 
and 97% specificity. Additionally, a combined algorithm 
using CT ratios and Kanavel signs was designed based on 
the combination of variables with the highest +LR, which 
were those with ≥ 2 positive Kanavel signs with CR or SR 

Figure 3. Axial computed tomography scan of finger cellulitis patient demonstrating no excess fluid in the flexor tendon sheath with 
(a) coronal and sagittal measurements of the flexor tendon, and (b) coronal and sagittal measurements of the flexor tendon sheath.

Figure 4. Axial computed tomography scan of flexor tenosynovitis patient demonstrating (a) coronal plane ratio calculation (CR = 
A/B) and (b) sagittal plane ratio calculation (SR = A/B).
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≥ 1.3. Specificity and PPV were universally high with any 
combination of ratio and number of Kanavel signs.

Binary logistic regression analysis was performed to 
help predict the presence of FTS demonstrated important 
findings. Considering the average number of Kanavel 
signs (2.9), CR (1.5), and SR (1.7) in the current FTS 
group, our model would correctly diagnose 91% of FTS 
cases. This compares to the averages in the FC group, 
which have a 5% likelihood of clinical FTS. For every 0.1 
increase in CR and SR, the likelihood of FTS increases 
5.9% and 5.5%, respectively. For every additional Kana-
vel sign, the likelihood of FTS increased 14%, offering 
benefit to our clinical algorithm.

Based on this data, a contrast-enhanced CT scan as an 
adjunct to evaluate for FTS is a reliable objective test that 
can help in patients that do not have a straightforward or 
“classic” presentation. CT evaluating extensor tendons in 
this manner has been mentioned by Reinus et al,21 but no 
formal studies have objectified its usefulness with FTS. A 
primary limitation of CT is the risk of patient radiation 
exposure, which has previously made ultrasound and MRI 
other options for diagnosis. Unfortunately, ultrasound is 
user dependent with low specificity. For this reason, it is 
difficult to determine the need for operative intervention in 
the setting of a hand infection using only ultrasound.17 
MRI is considered the gold standard by many but is expen-
sive and access is often limited in rural areas or during off-
hours, significantly delaying diagnosis and affecting 
patient outcomes.16

This study has several limitations. First, a larger sample 
size may help reinforce our findings and strengthen our 
conclusions. This being said, with FTS being largely a 
clinical diagnosis up to this point, it is difficult to gather 
larger cohorts with confirmed FTS who have CT scans to 
evaluate. The retrospective nature of the study may also 
contribute some selection bias with regard to which 

patients were chosen to receive CT scans. However, given 
the fact that more severe cases are often taken to the oper-
ating room without further imaging, most patients who 
received imaging likely had a borderline clinical presenta-
tion. This may increase value and external validity of our 
study, given the significant differences in CT measure-
ments between cohorts. The study is also limited by pos-
sible imaging variability and the consistency of CT 
measurements performed by the study’s authors. While 
efforts were made to standardize this process, there may 
be some reliability issues if these measurements were 
being performed by an outside radiologist or surgeon. 
Despite this possible issue, we do feel as if the target sign 
is recognizable and the measurements described in this 
study are reproducible and not technically difficult.

In conclusion, patients with FTS must be recognized and 
treated promptly as previous studies have shown tendon 
necrosis, adhesion formation, spread to the deep fascial 
spaces, and permanent loss of hand function as possible 
sequela.7,9 CT measurements, particularly the CR and SR, 
when ≥ 1.3, increase the ability to radiographically differ-
entiate FTS, possibly decreasing the amount of cases that 
are missed. While SR and CR ≥ 1.3 serve as reasonable 
cutoffs, the predictivity of these ratios continues to improve 
by almost 6% for every 0.1 increase in CR or SR. The use 
of CT does not eliminate the need for a proper physical 
examination, however. The combination of elevated SR/CR 
with ≥ 2 Kanavel signs maintains high sensitivity and PPV, 
with predictivity increasing 14% for every additional Kana-
vel sign recorded. Therefore, we recommend the use of CT 
as an adjunct to physical examination to provide objective 
data, tendon sheath coronal and sagittal ratios ≥ 1.3, to 
assist with the diagnosis of FTS.

Ethical Approval

This study was approved by our institutional review board.

Table 3. Likelihood of Flexor Tenosynovitis Diagnosis from CT and/or Physical Exam.

Variable Sensitivity* Specificity* PPV* NPV* +LR

CR ≥ 1.3 83% 97% 97% 85% 28
SR ≥ 1.3 100% 94% 95% 100% 17
4 Positive Kanavel signs 34% 100% 100% 60% 34
3 Positive Kanavel signs 74% 100% 100% 80% 24
2 Positive Kanavel signs 86% 83% 83% 85% 5
1 Positive Kanavel sign 97% 66% 74% 96% 3
 ≥ 3 Positive Kanavel signs and ≥ 1.3 CR 60% 97% 95% 71% 20
 ≥ 3 Positive Kanavel signs and ≥ 1.3 SR 69% 97% 96% 76% 23
 ≥ 2 Positive Kanavel signs and ≥ 1.3 CR 66% 97% 96% 74% 22
 ≥ 2 Positive Kanavel signs and ≥ 1.3 SR 86% 97% 97% 87% 29

Note. CT = computed tomography; PPV = positive predictive value; NPV = negative predictive value; LR = likelihood ratio; CR = coronal plane; 
SR = sagittal plane.
*Values are expressed as means ± standard deviations or as absolute values with percentages in parentheses.
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