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The Clinical Diagnosis of Subcutaneous
Tear of the Achilles Tendon

A Prospective Study in 174 Patients

Nicola Maffulli,* MD, MS, PhD, FRCS(Orth)

From the Department of Orthopaedic Surgery, University of Aberdeen Medical School,

ABSTRACT

A study to determine the sensitivity, specificity, and
positive and negative predictive values of several clin-
ical diagnostic tests of subcutaneous Achilles tendon
rupture was performed during a 13-year period. There
were 174 patients with clinical diagnosis of unilateral
complete subcutaneous Achilles tendon tear and 28
patients with unilateral suspected but no actual Achil-
les tendon tear. The following tests were used: palpa-
tion, calf squeeze, Matles, Copeland, and O’Brien. Pal-
pation of the gap was the least sensitive clinical test
with the patient awake (0.73), increasing to 0.81 when
the test was performed under anesthesia; the Cope-
land and O’Brien tests showed a sensitivity of 0.8. Both
the calf squeeze and Matles tests were significantly
more sensitive than the other tests (0.96 and 0.88,
respectively; 0.022 < P < 0.05). All tests showed a
high positive predictive value, with no statistically sig-
nificant difference between the various tests. In the 28
patients with no evidence of a subcutaneous Achilles
tendon tear on imaging, the tests showed a high ca-
pability to detect that the Achilles tendon was intact
(gap palpation specificity, 0.89; calf squeeze test spec-
ificity, 0.93; Matles test specificity, 0.85). Whichever
tests were performed, at least two of them were posi-
tive for a subcutaneous tear of the Achilles tendon in all
patients in this study.

The Achilles tendon is the largest tendon in the human
body, and the one that most frequently undergoes a com-
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plete subcutaneous tear.” The diagnosis of a torn Achilles
tendon is not easy for nonspecialists; patients with such
tears that may be initially misdiagnosed accordingly reach
orthopaedic surgeons at different stages after injuries.'”

Clinical history may be deceptive, but careful physical
examination gives precious information. When examined
soon after the injury, a gap—indicative of a tear in the
substance of the tendon—can be seen and palpated. With
increased time after the tear, the gap may be obliterated
by edema, which makes palpation unreliable. Also, in the
early stages, edema and bruising may not be apparent,
and plantar flexion and even standing on tiptoes may still
be possible through the action of the tibialis posterior and
the peronei muscles.

Radiography,* ultrasonography,’’ and magnetic reso-
nance imaging (MRI)®® have been used to diagnose Achil-
les tendon tears. However, soft tissue radiography can be
of little value, ultrasonography is open to subjective inter-
pretation, and MRI is expensive, not always readily avail-
able, and may not be tolerated well by some patients.

Numerous clinical tests have been described to aid in
the diagnosis of Achilles tendon tears.? 13- 14:18-20 T date,
however, there has been no study that systematically com-
pared the various clinical tests used for the diagnosis of
subcutaneous Achilles tendon tears. In this article, I re-
port my personal experience in this field.

11

PATIENTS AND METHODS

This study spans the whole period of my training, from
September 1983 to March 1996. During this period, I
observed and treated under supervision or assisted in the
treatment of 174 patients (149 men and 25 women) with
unilateral (95 left tears) complete subcutaneous Achilles
tendon tears. All patients gave informed consent to be
examined, to undergo the tests described here, and to be
treated. The management of the injury varied according to
the consultant (attending physician) in charge of the pa-
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tients: 22 patients were treated conservatively, 19 pa-
tients underwent percutaneous repair, and in the remain-
ing 133 patients the tendons were repaired using an open
procedure. After physical examination, I applied casts for
conservative treatment of 10 of the 22 patients for whom
such management was elected. I personally performed a
percutaneous repair in 13 patients® '* 6 or an open repair
in 99 patients,'? and I assisted in the relevant operations
in all other cases.

All patients were examined when admitted or in the
immediate preoperative period, with the patient fully
awake. The tests described here were repeated on the
operating table, with the patients under general anesthe-
sia (105 cases, 101 of which underwent an open repair),
spinal anesthesia (39 cases, 35 of which underwent open
repair), or local anesthesia (8 cases, all in the percutane-
ous repair group). In all patients, the contralateral unin-
jured tendon was tested and used as an internal control.
The contralateral tendon was clinically normal in all pa-
tients. Also, in all patients for whom it applied, during
anesthesia, the tests were performed before the tourni-
quet was inflated.

The physical examination and the various tests de-
scribed in this study were performed with the patients
lying prone, and the ankles clear of the examination couch
or the operating table. Although it would have been desir-
able that each examiner (the consultant in charge of the
case and the author) had performed all diagnostic tests
twice, this was not always feasible. Also, one examiner
was not routinely blinded to the results of a given test
performed by the other examiner. Therefore, given the
large number of consultant orthopaedic surgeons perform-
ing the tests (13 surgeons), and the nonsystematic re-
peated testing, the data regarding differences between the
consultants in charge of the patients and the author were
not analyzed further.

Tests Used in This Study

Palpation. The examiner gently palpates the course of
the tendon. The gap is classified as present or absent. The
test was performed in all patients by the author and by the
consultant in charge of the patient.

Calf Squeeze Test. Originally described by Simmonds,*®
and subsequently by Thompson and Doherty 2° and again
by Thompson,'? in this test the examiner gently squeezes
the patient’s calf muscles with the palm of his or her hand.
If the Achilles tendon is intact, plantar flexion occurs in
the ankle. If the Achilles tendon is torn, the ankle remains
still, or only minimal plantar flexion occurs. The test was
performed in all patients by the author and by the consul-
tant in charge of the patient.

Matles Test. While awake, patients are asked to ac-
tively flex their knees to 90°. When the patients are
anesthetized, the examiner passively flexes both knees
to 90°. In both instances, the position of the ankles and
feet is observed during flexion of the knee. If the foot on
the affected side falls into neutral or into dorsiflexion,
an Achilles tendon tear is diagnosed. On the uninjured
side, the foot remains in slight plantar flexion when the
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knee is flexed to 90°.12 The test was performed in 107
patients, 91 of whom were managed operatively (14 by
percutaneous repair). In the 91 patients who underwent
operation, the test was performed by the author and by
the consultant in charge of the patient in 73 instances
(12 percutaneous repairs).

Copeland Test. With the patient prone, a sphygmoma-
nometer cuff is placed around the middle of the calf and
inflated to 100 mm Hg, with the ankle placed in passive
plantar flexion by the examiner. The examiner then dor-
siflexes the ankle. If the Achilles tendon is intact, dorsi-
flexion produces a rise in pressure of between 35 and 60
mm Hg. If the tendon is torn, little or no pressure rise is
seen.® The test was performed in 48 patients, none of
whom were treated conservatively. As patients reported
significant discomfort in their affected ankles, it was de-
cided not to perform the test with the patient awake but to
limit testing while patients were under anesthesia. There-
fore, 15 patients undergoing open repair received the test
both awake and during anesthesia and 33 patients, 29 of
whom underwent an open repair, during anesthesia only.
This test was always performed by the author only.

O’Brien Test. This test was performed on 17 patients, all
but 2 of whom underwent open repair. The test was per-
formed when the patients were either under general or
spinal anesthesia. With the patient prone, a 21-gauge
needle is inserted at a right angle through the skin of the
calf, just medial to the midline, 10 cm proximal to the
superior border of the calcaneus. The needle is inserted
only until the tip is just within the substance of the ten-
don. The foot is then passively put through alternately
dorsiflexion and plantar flexion. Two responses may oc-
cur. The needle may swivel so that it points in the direc-
tion opposite to the motion of the ankle (i.e., when the
ankle is in dorsiflexion, the needle points distally). This
indicates that the tendon is intact in the portion distal to
the needle insertion point. The other possible response is
that the needle does not move, or moves slightly in the
same direction as the motion of the ankle (i.e., when the
ankle is in dorsiflexion, the needle does not move, or
points slightly proximally). In this second instance, the
Achilles tendon has lost its continuity between the needle
and its insertion.* This test was always performed by the
author only.

Time Between Injury and Presentation

Patients were divided into groups according to the time, in
days, between the injury causing the tendon tear and
presentation. They were classified as presenting on the
day of injury (98 patients), between 1 and 3 days (45
patients), between 4 and 7 days (14 patients), between 8
and 14 days (7 patients), and between 14 and 28 days (10
patients).

Patients Without Achilles Tendon Tears

During the study period, I examined 28 patients (21 men
and 7 women) with a unilateral (16 left ankles) injury and

Downloaded from ajs.sagepub.com at Erasmus Univ Rotterdam on August 19, 2011


http://ajs.sagepub.com/

268 Diagnosis of Subcutaneous Tear of Achilles Tendon

acute pain in the posterior aspect of the lower leg. In all
cases, a diagnosis of Achilles tendon tear had been made
by an accident and emergency officer, and, on clinical
grounds, excluded by the author. In 23 patients, a high-
resolution real-time ultrasound scan, and, in the remain-
ing 5 patients, an MRI scan excluded an Achilles tendon
tear. These patients were examined in the same manner
as previously described, by taking a complete clinical his-
tory, and by palpation, calf squeeze, and Matles tests. I
was not aware of the imaging diagnosis before performing
the tests.

Data Management

Data were collected by hand and transferred to a commer-
cially available spreadsheet on a personal computer. De-
scriptive statistics were calculated. Data for each test
were coded as binary items (present or absent). For each
test, specificity, sensitivity, positive predictive value, and
negative predictive value were calculated.?® In the calcu-
lation of sensitivity of the various clinical tests, the dubi-
ous results were considered as false-negative for the pa-
tients in whom an Achilles tendon tear had been
diagnosed. The dubious results were considered as false-
positive when positive predictive values were calculated.
In the patients in whom imaging and clinical examination
excluded an Achilles tendon tear, the dubious results were
considered as false-positive when calculating specificity of
the various clinical tests, and as false-negative when neg-
ative predictive values were calculated. Data were ana-
lyzed using McNemar’s test for paired proportions.!

RESULTS

Patients

Patients treated conservatively were significantly older
(48.1 years; SD, 13.2) than patients treated with a percu-
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taneous repair (42.5 years; SD, 11.6; P = 0.03) or with an
open repair (38.4 years; SD, 10.5; P = 0.01). Patients who
underwent an open repair were not significantly younger
than patients receiving a percutaneous repair (P = 0.06).

Time Between Injury and Presentation

There was no significant temporal effect on the sensitivity
and predictive values of the various tests, except in the
case of palpation of the gap, when a nonsignificant trend
toward inability of the examining surgeon to detect the
gap during examination with the patient awake was
noted.

Clinical Tests

The descriptive results of the various tests performed in
patients in whom a subcutaneous tear of the Achilles
tendon was diagnosed are given in Table 1. As direct
evidence of a torn tendon was produced only in the 133
patients who underwent an open repair, sensitivity and
predictive values for the various tests were calculated for
such patients only (Table 2). At open repair, only 2 of the
133 patients undergoing open repair had a partial tear of
the tendon. Both of these patients had dubious responses
to the Matles test. In both patients, the tear was repaired,
and the postoperative management was the same as in
patients with complete tears. The least sensitive of the
clinical tests was the palpation of the gap with the patient
awake, which showed a sensitivity of 0.73, increasing to
0.81 when the examination was performed again under
anesthesia. The Copeland test and the O’Brien test
showed a similar sensitivity (about 0.8). Except in the calf
squeeze test, where it did not change, the sensitivity be-
tween examination performed with the patient awake and
under anesthesia increased, but the difference did not
reach statistical significance. The calf squeeze test and the

TABLE 1
Results of the Various Tests

Closed (N = 22)

Percutaneous (N = 19) Open (N = 133)

Test and patient state

Positive® Negative® Dubious Positive Negative Dubious Positive Negative Dubious

Gap (N = 174)

Awake 17 2 3 13 4 2 97 15 21

Anesthesia NA NA NA 15 3 1 108 6 19
Calf squeeze (N = 174)

Awake 20 0 2 17 1 1 128 2 3

Anesthesia NA NA NA 19 0 0 128 0 5
Matles (N = 107)

Awake 13 1 2 12 1 1 68 3 6

Anesthesia NA NA NA 12 1 1 73 2 2
Copeland (N = 48)

Awake NA NA NA NA NA NA 11 2 1

Anesthesia NA NA NA 3 0 1 36 3 5
O’Brien (N = 17)

Awake NA NA NA NA NA NA NA NA NA

Anesthesia NA NA NA 2 0 0 12 1 2

“ Rupture diagnosed.
® No rupture diagnosed.
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TABLE 2
Sensitivity and Positive Predictive Value of the Tests in the
133 Patients Who Underwent Open Repair of the Achilles
Tendon Tear

Test and patient state Sensitivity ~ Positive predictive value
Gap (N = 133)

Awake 0.73 0.82

Anesthesia 0.81 0.85
Calf squeeze (N = 133)

Awake 0.96 0.98

Anesthesia 0.96 0.96
Matles (N = 77)

Awake 0.88 0.92

Anesthesia 0.94 0.97
Copeland (V = 44)

Awake 0.78 0.92

Anesthesia 0.81 0.88
O’Brien (N = 17)

Awake NA NA

Anesthesia 0.80 0.85

Matles test showed a sensitivity close to 0.9, and higher
than this value when the test was performed with the
patient under anesthesia. Both the calf squeeze test and
the Matles test were significantly more sensitive than the
other tests (0.022 < P < 0.05).

All tests showed a high positive predictive value, with
the calf squeeze, Matles, and Copeland tests showing a
value of at least 0.90. There was no statistically signifi-
cant difference between the various tests, although the
difference between the ones with the best positive predic-
tive value (the calf squeeze test performed with the pa-
tient awake and the Matles test performed with the pa-
tient under anesthesia) were close to reaching statistical
significance when compared with palpation of the gap in
the tendon with the patient awake (P = 0.058). Whichever
tests were performed, at least two of them were positive
for a subcutaneous tear of the Achilles tendon in all pa-
tients in this study.

Patients Without Achilles Tendon Tears

In the 28 patients in whom there was an injury to the
posterior aspect of the leg but no Achilles tendon tear (age,
41.8 years; SD, 15.7), only palpation, calf squeeze, and
Matles tests were performed (Table 3). In all cases, a gap
was not detectable by palpation, and the calf squeeze test
indicated that the tendon was intact. The Matles test, on
the other hand, indicated a tear in two patients. In all

TABLE 3
Results of the Tests in 28 Patients with No Achilles Tendon
Tear
Negative
Test Positive® Negative® Dubious Specificity predictive
value
Gap 0 25 3 0.89 1
Calf squeeze 0 26 2 0.93 1
Matles 2 24 4 0.85 0.92

“ Rupture diagnosed.
® No rupture diagnosed.
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cases, however, the tests showed a high capability to de-
tect that the Achilles tendon was intact.

Patients Undergoing Closed Management or
Percutaneous Repair

As no objective evidence of a subcutaneous tear of the
Achilles tendon was obtained in patients who underwent
closed management or percutaneous repair, I did not cal-
culate sensitivity, specificity, and predictive values of the
various tests. However, given the high sensitivity, speci-
ficity, and predictive values of all the tests used in this
study, and the fact that a subcutaneous Achilles tendon
tear was consistently found in the patients undergoing
open repair when at least two of the clinical tests used in
this study indicated it, it may be deduced that such pa-
tients did suffer from the condition, and were correctly
managed.

DISCUSSION

Even though the condition was described more than 300
years ago, the diagnosis of subcutaneous Achilles tendon
tear still poses difficulties.'® While typical cases occur, the
fact that so many tests have been devised to test the
integrity of the Achilles tendon bears witness to the fact
that diagnostic confusion is still relatively frequent. Al-
though the first of these tests, the calf squeeze test, was
described nearly 4 decades ago, all tests have been re-
ported in studies with a relatively small number of pa-
tients.'® For example, Simmonds'® and Matles'® de-
scribed the test but did not report on patients,
Thompson'® and Thompson and Doherty 2° studied 22
patients, O’Brien'* studied 10 patients and dissected 16
cadavers to find an anatomic explanation for the needle
test he described, and Copeland® studied 20 patients be-
fore and 8 patients after treatment had ended. Also, there
can be some confusion in the nomenclature of the tests.
For example, the calf squeeze test was described in 1957
by Simmonds*® in the U.K., and 5 years later by Thomp-
son'® and Thompson and Doherty 2° in the U.S. It is
therefore known by two different names on the two sides
of the Atlantic Ocean, Simmonds’ test and Thompson test,
respectively.©

To the best of my knowledge, no study has analyzed
statistically the results of the application of the various
tests in a large, unselected patient population. Ideally, in
this study all tests should have been performed in all
patients. However, the O’Brien and the Copeland tests
were described only after the present study was begun.
The O’Brien test was deemed painful with the patient
awake, and invasive; therefore, I elected not to perform
the test routinely after the first few patients were tested.
When applying the Copeland test to awake patients, they
complained of some discomfort, and I therefore decided to
limit its use to patients who were totally cooperative.

Although, for the purposes of this study, it was shown
that the sensitivity of some of the tests increased when
they were performed with the patient under anesthesia
(Table 1), the difference was not statistically significant,
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and I doubt whether it would be clinically relevant. An
accurate diagnosis may be obtained with the patient fully
awake.

A possible drawback of this study is that patients were
seen within 4 weeks of the injury. In patients seen more
than 4 weeks after injury, it is possible that the hematoma
produced by the tendon tear has organized and reconsti-
tuted some continuity in the tendon. In these patients, the
calf squeeze test can falsely indicate that there is no
tear.2° However, in such cases the partial reconstitution of
continuity will have resulted in the tendon being longer
than normal. In these patients, therefore, the Matles test
should still be indicative of a tear. If the diagnosis is
doubtful, the application of the other clinical tests is war-
ranted, and an ultrasound or an MRI scan should be
considered.

The main finding of this study is that all the tests
described in the literature may be used to correctly diag-
nose a subcutaneous Achilles tendon tear with a high
degree of certainty. Also, the tests may be used to correctly
determine that the Achilles tendon is not torn. The results
of the present study show that when two or more of these
tests indicate a subcutaneous Achilles tendon tear, the
diagnosis is certain. As palpation may be unreliable, and
the Copeland and the O’Brien tests may cause discomfort
when patients are awake, the tests routinely used in my
clinical practice are the calf squeeze test and the Matles
test.

The findings of this study should be applied to patients
with relatively recent tears of their Achilles tendons.
These findings should provide a baseline to be able to
clinically diagnose an Achilles tendon tear with confi-
dence. Given the present constraints on health care ex-
penditures, and the litigious medicolegal environment,
the necessity to reach a correct, rapid, and economical
diagnosis is paramount.

In conclusion, the diagnosis of a subcutaneous tear of
the Achilles tendon may be reliably made on the basis of
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the results of the calf squeeze and Matles tests, two simple
and inexpensive clinical tests.
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