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The Outcome of Acute Quadriceps Tendon
Rupture Managed with Primary Repair
and Mersilene Tape Augmentation

Primer Tamir ve Mersilen Teyp ile
Tedavi Edilen Akut Kuadriseps Tendon
Riiptiirlerinde Sonug¢ Analizi

ABSTRACT Objective: To report of the results of acute quadriceps tendon ruptures that were treated by primary
repair with Mersilene tape and to evaluate the strength by isokinetic testing. Material and Methods: Nine pa-
tients (all male with an average age of 53.7, average follow-up of 35.2 months), with acute quadriceps tendon
ruptures surgically treated who were followed-up for a minimum of two years were analyzed. Clinical examina-
tion included measurement of knee range of motion and diameter of quadriceps muscle. A questionnaire was
used for functional outcome. Isokinetic testing was performed at 120°/sec and 180°/sec angular velocities and bi-
lateral work of the knee flexors and extensors was evaluated; a difference of 20% or more between the extension
strengths of the affected and the unaffected limbs was considered significant. In radiologic examination, Caton
index, patellar spurs, patello-femoral arthrosis and patellar malalignment were evaluated. Results: Average active
range of motion of the affected limb was 2.7° for extension and 1350 for flexion. Mean quadriceps girth was 48.3
cm, compared with 48.6 cm in the unaffected limbs. Average time for patients returning to their premorbid daily
activity was 3.2 months. Mean functional score was 22.7. Only one patient had a significant extension deficit
with 24.3% loss at 180°/sec velocity. All the other patients were the same or better (no extension deficit greater
than 20%) compared with the uninjured side. There were no degenerative changes of the patello-femoral joint,
patellar malalignment or patellar spurs. The pre- and post-operative Caton index was 1.07 and 1.02, respectively.
Conclusion: Satisfactory results with good clinical, radiologic and functional outcomes can be achieved by tran-
sosseous primary repair. Isokinetic testing indicates that our attempts to provide adequate rehabilitation for these
patients postoperatively were successful. Mersilene tape augmentation may allow more aggressive rehabilitation
with good quadriceps strength.
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OZET Amag: Primer tamir ve Mersilen teyp ile tedavi edilen akut kuadriseps tendon riiptiirlerinde sonug analizi
yapmak ve izokinetik test sonuglarim degerlendirmektir. Gereg ve Yontemler: En az 2 yil takibi olan ve akut
kuadriseps tendon riiptiirii nedeniyle hastanemizde cerrahi tedavi gérmiis 9 hasta (9 erkek, ortalama yas 53.7,
ortalama takip siiresi 35.2 ay) incelendi. Klinik degerlendirmede diz eklem hareket aciklig1 ve kuadriseps kas ¢ap1
6lgiimleri yapildi. Islevsel degerlendirme icin islevsel sonug anketi yapildi. Izokinetik test, 120%/sn ve 180°/sn
hizlarinda uygulandi ve her hizda diz fleksor ve ekstansérlerinin yetmezligi degerlendirildi. Ekstansiyon yetmezligi
icin ameliyat olan taraf ile olmayan taraf arasindaki %20’lik fark veya daha fazlasi anlamh olarak kabul edildi.
Radyolojik degerlendirmede Caton indeksi, patellar spiir, patello-femoral artroz ve patellar dizilim degerlendirildi.
Bulgular: Ortalama aktif eklem hareket agiklif1, 2.7° ekstansiyon ve 135° fleksiyon olarak tespit edildi. Kuadriseps
cevresi ameliyat olan tarafta ortalama 48.3 cm, olmayan tarafta 48.6 cm olarak bulundu. Hastalar ortalama 3.2 ay
sonra ameliyat dncesi aktivite seviyelerine déndiiler. Islevsel skor ortalama 22.7 olarak belirlendi. Sadece bir hastada
180°/sn hizda, %24.3 kay1p ile belirgin ekstansiyon yetmezligi olustugu goriildii. Diger hastalarin hepsinde ameliyat
olmayan taraf ile karsilastirildiginda ayni veya daha iyi izokinetik sonug (%20’den daha az bir ekstansiyon
yetmezligi) elde edildi. Patello-femoral eklem artrozuna, patellar dizilim bozukluguna ve patellar spiir olusumuna
rastlanmadi. Ameliyattan 6nce Caton indeksi 1.07, ameliyattan sonra ise 1.02 olarak tespit edildi. Sonug: Kuadriseps
riiptiirlerinin transosse6z tamiri ile klinik, radyolojik ve fonksiyonel olarak tatminkar sonuglar elde edilibilir.
izokinetik test sonuclari hastalarin ameliyat sonrasi dénemde basarili bir sekilde rehabilite edildigini
gostermektedir. Mersilen teyp ile gliglendirme, daha dayanikli tamir ile daha yogun rehabilitasyona olanak saglar.

Anahtar Kelimeler: Tendon yaralanmasi; tedavi sonuglari; kuadriseps; kronik bobrek yetmezligi;
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upture of extensor mechanisms of the upper

and lower extremity is common in the lite-

rature.'” In contrast, rupture of the quadri-
ceps tendon is a relatively infrequent but serious
injury that affects the extensor mechanism of the
knee joint.>> It is most commonly seen in patients
older than 40 years of age.® There is a strong associ-
ation between tendon ruptures and numerous syste-
mic diseases or prior degenerative changes. Ruptures
most often occur unilaterally. Bilateral ruptures are
usually associated with systemic disease but have al-
so been reported in healthy patients without predis-
posing factors. Classic risk factors for spontaneous
rupture of the quadriceps tendon include steroid
therapy, hypercholesterolemia, gout, rheumatoid
arthritis, advanced age, long-term dialysis, renal
transplantation and usage of floroquinolone use.®’

Although partial quadriceps tendon ruptures
are usually treated nonsurgically, complete tendon
ruptures require surgical repair. Although numero-
us surgical techniques have been described in the
literature with or without augmentation of the qu-
adriceps tendon the gold standard in treatment is
still a matter of discussion.®®!" Several methods of
augmentation of the repair site have also been des-
cribed, including synthetic materials, allografts and
xenografts.”!>13 Suture anchors have been used with
success in recent years."* However, three types of
repair continue to be the most popular: direct repa-
ir of the tendon to the patella, the Scuderi techni-
que for acute tears and the Codivilla tendon-
lengthening and repair technique for chronic rup-
tures.’>'® In the Scuderi technique, a triangular flap
with 2-3 mm thickness, which is prepared from the
anterior surface of the proximal tendon end, is at-
tached approximately 5 cm above the ruptured ten-
don. Codivilla technique is mostly indicated for
chronic ruptures where the tendon edges cannot be
opposed. Recently, one of the most widely used re-
pair techniques is the transosseous repair. In this
technique, one of the most important things is that,
drill holes must be far enough from the anterior sur-
face of the patella in order to avoid any patellar tilt.
Although the augmentation of the quadriceps ten-
don with mersilene tape has been previously des-
cribed in the literature, one of the most important
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FIGURE 1: Preoperative MRI view of complete quadriceps tendon rupture at
the osteo-tendinous junction.

FIGURE 2: Intraoperative view of repaired quadriceps tendon.

differences of this study was the evaluation of the
outcome of the quadriceps tendon repair augmen-
ted with mersilene tape by using isokinetic testing
as an objective measure.'

Hence, the purpose of this study was to report
the results of patients with acute quadriceps ten-
don ruptures that were treated by transosseous pri-
mary repair with Krackow sutures and Mersilene
tape augmentation.
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I MATERIAL AND METHODS
STUDY GROUP

Patients with acute quadriceps tendon ruptures
surgically treated in our hospital between January
2003 and September 2004 were enrolled in the
study. The diagnosis of quadriceps tendon rupture
was made with clinical examination and X-ray fin-
dings of avulsion from the proximal pole of the pa-
tella. Magnetic resonance imaging was used to
confirm the diagnosis if there was any suspicion
(Figure 1). Patient charts were reviewed and bila-
teral ruptures (simultaneous or staged), patients
with systemic inflammatory disease, a history of
knee surgery, concomitant patellar tendon rupture
or other ligamentous injuries and previous fractu-
re history of the knee were excluded from the
study. Chronic quadriceps ruptures (ruptures 3
days after injury) and patients who had less than 2
years of follow-up were also excluded. For all pati-
ents, data regarding age, sex, mechanism of tendon
rupture, presence of a recognized medical risk fac-
tor (ie. chronic renal failure, history of steroid ad-
ministration, floroquinolone use, diabetes mellitus
and hyperparathyroidism) were recorded from the
patient database.

A total of 9 patients (4 right, 5 left) who met
the inclusion criteria with a minimum 2-year of
follow-up and who had regular outpatient controls
(3 weeks, 1 month, 3 months, 6 months and annu-
ally thereafter) were found eligible for the study
and their charts were retrospectively analyzed for
the final evaluation. All patients were males with
an average age of 53.7 (range: 39-68). Of the 9 pa-
tients, 5 had chronic renal failure as predisposing
factor. These patients recalled a simple jump or fall
as the cause of rupture. Additional risk factors we-
re diabetes mellitus in one and obesity (BMI> 30) in
2 patients. The average follow-up was 35.2 months
(range: 24-48 months).

OPERATIVE TREATMENT

All the patients were operated within 72 hours by 2
orthopedic surgeons. An anterior longitudinal ap-
proach was adopted. Following irrigation and exp-
loration of the knee joint, the ruptured tendon ends
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were debrided to healthy tendon tissue. Three pairs
of number 5 Ethibond® (Ethicon Inc., US) sutures
were placed in the distal 7 cm of the quadriceps ten-
don using the technique described by Krackow.!”
These sutures were passed through 3 longitudinal
trans-osseous patellar tunnels and were tied at the
distal end. A 7 mm Mersilene Tape® (Ethicon Inc.,
US) was used to augment the repair. The tape was
weaved through the distal 9 cm of the quadriceps
tendon, coursing distally on each side of the patel-
la and was tied around the distal pole (Figure 2). Af-
ter establishing the continuity of the quadriceps
tendon, the maximum flexion angle without tensi-
on or gapping at the repair site was recorded and it
served as a guide to limit knee flexion during the
postoperative rehabilitation program.

POSTOPERATIVE TREATMENT AND FOLLOW-UP

Full-weight bearing in a brace locked in extension
was allowed in the early post-operative period.
Passive knee flexion exercises were initiated in the
3™ post-operative week up to the safe angle deter-
mined intra-operatively and continued until post-
operative week 6. Knee flexion was increased 10
degrees/week after week 6 and most patients had
achieved full flexion at 3 months. Squatting and
jumping was restricted for 6 months, after which
light sports activity was allowed.

CLINICAL AND RADIOGRAPHIC EVALUATION

All clinical assessments were performed by one in-
vestigator blinded to the surgical procedure. Clini-
cal examination included measurement of knee
range of motion with a standard goniometer (Blun-
dell Harling Ltd, London, England) and circumfe-
rential diameter of the quadriceps muscle 10 cm
above the patella. Active extension power of the
quadriceps was evaluated with manual testing
which was a universal measure with a total of 5 sca-
les with scale 0/5 was considered no sign of musc-
le contraction and 5/5 was considered as active
contraction against resistance.

A functional questionnaire, previously used by
Rougraff et al, was used to figure out the functional
outcome in the final follow-up visit.!® The patients
were questioned for 5 distinct issues including ove-
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rall satisfaction, knee movement, knee strength,
ability to climb stairs and pain. Each answer was
given a score from one to 5; the higher the score
better was the symptomatic result. Functional lim-
itations were noted.

After a minimum of 1 year post-surgery, Isoki-
netic muscle testing was performed with the Cybex
dynamometer (Medway-MA, USA). All tests were
performed by a trained physiotherapist who was
blinded to the clinical outcome. After a suitable
warm-up period, the patients were asked to per-
form 5 repetitions of concentric/eccentric knee fle-
xion/extension exercises with maximal effort at
two different angular velocities, 120°/sec and
180°/sec. First the unaffected and then the injured
knee were tested. The following parameters were
recorded; peak torque, bilateral work of the knee
flexors and extensors at each peak torque velocity
and their totals.

Radiographic evaluation included standing an-
teroposterior, lateral and tangential radiographs of
both knees. The patellar height was measured on
the 30-degree flexion lateral radiographs using the
Caton index.'® This index is calculated by dividing
the length of the articular surface of the patella by
the distance between the inferior articular edge of
the patella and most anterior articular edge of the
tibia. The Caton index was selected because we be-
lieve that it is the most reproducible technique of
measurement and is not affected by the shape and
size of the patella. Patellar spurs were noted. Find-
ings of patello-femoral arthrosis and patellar mala-
lignment were evaluated in the tangential
radiographs taken at 20 degrees knee flexion des-
cribed by Laurin."

I RESULTS

In the final evaluation, the average active range of
motion of the affected limbs was 2.7° for extension
(range 0-10 degrees) and 135° (range 120-140 deg-
rees) for flexion. All patients were able to lift their
affected limbs against manual resistance. The me-
an quadriceps girth of the affected limb was 48.3
cm (range 43-55 cm) compared with 48.6 cm (43-
55 c¢m) in the unaffected limbs. The average time
for patients returning to their premorbid daily ac-
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tivity was 3.2 months (range: 2-5 months). The me-
an Rougraff functional score was 22.7 (min: 21,
max: 24) out of 25 indicating an excellent outcome
(Table 1). None of the patients reported pain or
problem in climbing stairs. Only 2 patients repor-
ted that their knee felt slightly weaker during stre-
nuous activity.

In the isokinetic measurements of extension
strength at peak torque velocity, a difference of
20% or more between affected and unaffected
limbs was considered significant.’ There were a to-
tal of 5 extension deficits out of 9 patients detected
at 120%sec velocity but neither of them had a sig-
nificant deficit of greater than 20%. At 180%sec ve-
locity, there were 8 extension deficits and only 1
patient had a significant extension deficit with
24.3% extension loss. The extension torques of the
remaining patients was better, compared with the
uninjured leg at each velocity (Table 2).

Final radiological evaluation revealed no de-
generative changes of the patello-femoral joint, pa-
tellar malalignment or patellar spurs. Calcifications
at the musculo-tendinous junction were detected
in 4 patients, however these were asymptomatic.
The preoperative Caton index was 1.07. This dec-
reased to 1.02 after surgery. However, both values
were within normal limits.

I DISCUSSION

Quadriceps tendon rupture usually represents the
final stage of a degenerative tendinopathy resulting
from repetitive microtrauma to the tendon.® This

TABLE 1: Outcome analysis of the study group.
120°/second 180°/second
Case Flexion (%) Extension (%) Flexion (%) Extension (%)
1 -14.5 -18.1 +27.2 -12.1
2 -3.6 -4.1 7.2 -8.3
3 +5.6 +7.2 -13.4 -8.1
4 +47.8 +19.5 -11.1 -24.3
5 -8.7 -11.1 4.3 22
6 -9.3 -13.2 -16.7 -13.7
7 -6.7 -4.5 +3.5 +4.7
8 -8.9 +12.4 -10.3 -15.4
9 7.1 +5.6 -7.8 5.6
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TABLE 2: The results of isokinetic testing. The percentages represent the difference of quadriceps and hamstring tendons
between the affected and unaffected sides at two different velocities.
ROM

Case Age Follow-up (months) FIx Ext Functional Score Premorbid activity (months)  Quadriceps girth Affected/Unaffected
1 39 34 12000 0° 21 3 46/45 ¢m

2 46 24 135° & 21 3 43/43 cm

3 60 48 1350 24 2 47/47 ¢m

4 55 4 1400 100 23 2 45/46 cm

5 62 39 130° 5 22 4 47/49 cm

6 49 30 140°  5° 24 5 52/52 cm

7 68 42 1400 0° 23 3 55/55 cm

8 58 28 135 (° 23 3 49/50 cm

9 47 31 1400 @ 24 4 51/51 cm

ROM: Range of motion, Fix: Flexion, Ext: Extension.

injury may also occur during less strenuous activity
in patients whose tendons are weakened by syste-
mic illness or the administration of local or syste-
mic corticosteroid medications. Five of the nine
patients in our series were undergoing dialysis for
chronic renal failure and this was thought to be the
major risk factor leading to rupture. Age, renal or
endocrine disease, diabetes and multiple risk fac-
tors were also found to affect the outcome.'?

Non-surgical management of quadriceps ten-
don ruptures may be the accepted course of treat-
ment for “incomplete” quadriceps tendon ruptures
and jumper’s knee. For the jumper’s knee, surgical
treatment is indicated only if a prolonged and well-
supervised conservative treatment program fails in
chronic cases (including local injection with stero-
id) or in acute total ruptures. In a study by Kelly et
al., 13 patients (10 patellar, 3 quadriceps tendon
ruptures) were evaluated. After an average of 4 ye-
ars of follow-up, results indicated that patellar ten-
don ruptures, where the ruptures were complete,
had a more favorable prognosis than those of the
quadriceps tendon which were incomplete.? Con-
servative treatment results of quadriceps ruptures
are less satisfactory since these ruptures are usually
incomplete and not all degenerative tissues may be
involved in the healing response. On the other
hand, non-surgical management of “complete” qu-
adriceps tendon rupture yields poor results, inclu-
ding long-term disability and weakness.?!"*
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After 72 hours, retraction of the tendon ma-
kes the apposition of the torn ends difficult, incre-
asing the tension along the suture lines. For this
reason, early surgical treatment of acute rupture of
quadriceps tendon is recommended.>>!° Siwek et
al, evaluated 36 ruptures of quadriceps tendon and
concluded that patients treated after 2 weeks or
more had unsatisfactory results.® Rougraff et al, re-
viewed 53 ruptures and found similar results.!® In
our study, all the patients were treated surgically
within 72 hours after injury, and we believe that,
this may be a factor for the good results achieved
despite risk factors including chronic renal failure.

Multiple techniques for repair have been des-
cribed in the literature.® %% In the majority of the
studies, moderate to good results have been repor-
ted, validating the effectiveness of surgical repair
to achieve optimal functional results.>*? Concer-
ning augmentation of the repair site, there is no
consensus in the literature.>®!2!3 In a study by
Wenzl et al, 36 traumatic ruptures of quadriceps
tendon were evaluated.'? Cerclage wire or Poly-
glactin bands had been used in 12 patients for aug-
mentation. The comparison of the patients with or
without augmentation revealed no significant dif-
ference and the authors concluded that routine
augmentation was not necessary. In another study
by Konrath et al, 45 out of 51 quadriceps tendon
ruptures underwent primary suture of the tendon
without augmentation.” Although early active fle-
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xion exercises were started immediately after sur-
gery, only one patient had an extensor lag and one
re-rupture occurred. The authors concluded that,
the augmentation should be indicated only in un-
usually tenuous quadriceps tendon repairs. On the
other hand, some investigators have recommended
that augmentation of quadriceps tendon ruptures
may be routinely needed, especially in patients with
chronic renal failure and amyloid degeneration of
the tendon.’ Although these patients with chronic
renal failure generally do not have a high level of
daily social activity and though postoperative reha-
bilitation can not be managed in an intense fashion
due to long-lasting weekly hemodialysis sessions,
we believe that, with intraoperative augmentation
of the tendon, these patients can have both early
but not intense rehabilitation and can have low ra-
tes of re-ruptures due to chronic degenerative ef-
fects of renal disease. As most of the patients in our
study had chronic renal failure, they could not per-
form any high level sporting activities; however,
their tendon repairs were found to be sufficient for
activities of daily living. Only 2 cases had difficulty
in performing higher levels of activity.

Mersilene tape augmentation was first descri-
bed by Miskew et al in 1980."® Though there was
no control group without augmentation to compa-
re, we believe that the non-absorbable Mersilene
tape is strong enough to protect the repair during
the early rehabilitation period while avoiding the
skin irritation problems and the need for removal
commonly seen in cerclage wire augmentation.
One of the other limitations of our study was that,
outcome of the chronic renal failure patients could
not be compared with patients without any renal
failure due to the low number of cases, neverthe-
less, since 5 of our 9 cases were patients with chro-
nic renal failure, we felt augmentation would be
appropriate to protect the repair site.

Several different methods have been described
for the postoperative management of surgical repa-
irs. Most studies in the literature have used a stan-
dard immobilization and rehabilitation program for
their patients, regardless of the stability of repair.
Postoperative immobilization in a plaster cast bet-
ween 2 to 6 weeks followed by knee range of mo-
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tion exercises and partial weight bearing has been
advocated.** In our series, we routinely augmen-
ted the repair in all cases. Our aim was to start the
rehabilitation program in the early postoperative
period without plaster immobilization. The limits
of rehabilitation were based on the intraoperative
stability of the repair site. Therefore, the program
was tailored for each patient regarding the safe ran-
ge of postoperative knee motion.

Excellent clinical results were achieved in our
patients, based on the functional scoring system de-
scribed by Rougraff. Apart from the subjective func-
tional scoring system, isokinetic testing can be used
as an objective tool to validate functional disability
after a quadriceps tendon rupture. In a study by Li et
al, the reliability of the Cybex isokinetic dynamo-
meter in measuring the knee muscle performance
was studied in 30 subjects with no previous knee in-
juries. The results of the study suggested that, dyna-
mometer had high reliability in measuring isokinetic
concentric and eccentric variables.” In another study
by Konrath et al, 51 quadriceps tendon ruptures
which were primarily repaired were evaluated by
isokinetic testing and functional questionnaire. Alt-
hough 53% of unilateral rupture patients had persis-
tent quadriceps strength deficits (>20%) in the
injured extremity, it was concluded that isokinetic
testing correlated significantly with functional sco-
res.” Isokinetic strength testing confirmed the resti-
tution of the extensor mechanism with almost all
patients achieving muscle strength within 20% of the
uninvolved side. Relatively higher speeds of 120%sec
and 180%sec were chosen for isokinetic strength test-
ing to avoid overloading the repair site. These find-
ings indicate that our attempts to provide adequate
rehabilitation for these patients postoperatively we-
re successful. As the reliability of isokinetic measu-
rement as an objective tool was confirmed previously
in the literature, we believe that satisfactory rehabi-
litation is essential to a good functional outcome.?

No radiological degenerative changes were se-
en. Caton index was determined by the ratio bet-
ween the distance from the inferior tip of the
patella to the anterosuperior angle of the tibia, and
the patellar articular surface length on the lateral
radiograph of the knee. This index was primarily
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used to determine the patellar instability.'® There
are four primary factors predisposing to patellar in-
stability, which are trochlear dysplasia, patellar tilt,
tibial tubercle offset, and patellar height.” After
quadriceps tendon ruptures, a major complication
is the patellar instability owing to abnormal patel-
lar height, mostly patella alta. In our study, to de-
termine if there was any abnormal patellar height,
we used Caton index and we found that patella he-
ight remained within normal limits in all our pati-

I CONCLUSION

In conclusion, our study demonstrates that, a com-
plete functional restitution after traumatic quad-
riceps tendon ruptures can be achieved in most
cases with good clinical, radiological and functio-
nal outcomes. Almost all patients in our study re-
gained a full range of motion of the injured knee
with no significant extension deficits. Mersilene
tape augmentation may allow a more aggressive

ens after surgery.
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