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Evaluation of the surgical results of Achilles tendon ruptures by
gait analysis and isokinetic muscle strength measurements

Agil tendon ywtiklarinda cerrahi tedavi sonuclarinin
yiiriime analizi ve kas giicii él¢ciimiiyle degerlendirilmesi

Fadel NAIM, Aykin SIMSEK, Serkan SIPAHIOGLU, Erdin¢ ESEN, Gokhan CAKMAK

Gazi University , Faculty of Medicine ; Department of Orthopedics and Traumatology

Amagc: Agsil tendonu yirtif1 nedeniyle cerrahi tedavi uygu-
lanan hastalarda uzun dénem sonuclar degerlendirildi.

Calisma plani: Asil tendonu yirtig1 nedeniyle 15 erkek has-
taya (ort. yag 39.5; dagilim 28-58) cerrahi tedavi uygulandi.
Bir olgu disinda, tiim yaralanmalar aktif spor yaparken olus-
musgtu. On bir hasta travmadan sonra bir hafta icinde ameli-
yat edildi. Ameliyattan dort hafta sonra al¢1 sonlandirilarak
dorsifleksiyona izin vermeyen polietilen splint uygulandi.
Kismi yiik vermeye dordiincii haftadan itibaren baslandi.
Hastalar Thermann ve ark.nin skorlama sistemiyle objektif
ve subjektif olarak degerlendirildi. Izokinetik dinamometre
ile kas giicii ol¢iildii ve yiirtime analizi yapildi. Sonuglar sag-
lam ayaklardan elde edilen verilerle karsilastirildi. Ortalama
izlem siiresi 16.8 ay (dagilim 8-48 ay) idi.

Sonuglar: Yedi hasta (%46.7) hi¢ agr1 olmadigini, alt1 hasta
(%40) agr, bir hasta (%67) orta agir, bir hasta (%67) da hafif
antrenman sirasinda agr1 oldugunu belirtti. Dokuz hastada
(%60) gli¢ azalmast hi¢ olmadi. Yedi hasta (%46.7) yaralanma
oncesindeki aktivite diizeyine ulasti. Subjektif degerlendirme-
de, 12 hasta (%80) uygulanan tedavinin ¢ok iyi veya iyi oldu-
Sunu belirtti. Objektif dl¢limlerde ameliyatl taraf, kars: taraf-
tan ortalama 0.43 cm incelmis bulundu. Sonuglar dokuz hasta-
da (%60) ¢ok iyi veya iyi, dordiinde (%26.7) orta, ikisinde
(%13.3) kotii idi. Bir hastada yiizeyel enfeksiyon ve yara iyi-
lesmesi sorunu izlendi. Izokinetik Slciimlerde zirve torkta azal-
ma, toplam igte ise artma gozlendi. Yiiriime analizinde dorsif-
leksiyon veya plantar fleksiyon farki ile 6nayakta yer tepkime-
si kuvveti farki arasinda anlaml iligki bulunmadi.

Cikarmmlar: Asil tendonu yirtilmalarinda erken uygulanan
cerrahi tedavi, kisa siireli immobilizasyon ile birlikte iyi so-
nu¢ vermekte, uzun dénemde hasta memnuniyeti yiiksek ol-
maktadir.

Anahtar sozciikler: Asil tendonu/yaralanma/cerrahi; yirtik; tendon
yaralanmasi/cerrahi.

Objectives: We evaluated the long-term results of surgical
treatment of Achilles tendon ruptures.

Methods: Fifteen male patients (mean age 39.5 years; range 28
to 58 years) underwent surgery for Achilles tendon ruptures. All
the ruptures but one occurred during sport recreations. Eleven
patients were treated within the first week of trauma. After
surgery, a cast was applied for four weeks, after which it was
switched to a polyethylene splint that did not allow dorsiflexion.
Partial weight bearing was allowed in the fourth postoperative
week. Subjective and objective evaluations were made accord-
ing to the system by Thermann et al. Muscle strength was mea-
sured by an isokinetic dinamometer and gait analysis was per-
formed. Data from the healthy sides were used for comparisons.
The mean follow-up was 16.8 months (range 8 to 48 months).

Results: Seven patients (46.7%) had no pain, while six patients
(40%), one patient (6.7%), and one patient complained of pain
during heavy, medium, and light sports activities, respectively.
Muscle strength did not decrease in nine patients (60%). Seven
patients (46.7%) returned to preinjury activity levels. Twelve
patients (80%) evaluated the outcome as very good or good. The
mean muscle atrophy on the affected side was 0.43 cm. The
overall results were very good or good in nine patients (60%),
moderate in four patients (26.7%), and poor in two patients
(13.3%). One patient had superficial infection and delayed heal-
ing. Isokinetic measurements showed decreased peak torque,
and increased total work. By gait analysis, no significant rela-
tionship was found between the dorsiflexion and plantar flexion
difference and forefoot ground reaction forces.

Conclusion: Early surgical treatment of Achilles tendon rup-
tures followed by a shorter immobilization period is associated
with satisfactory results, and in the long-term, with a higher rate
of patient satisfaction.

Key words: Achilles tendon/injuries/surgery; rupture; tendon injuries/
surgery.

‘The following article was presented orally at XVIII. Turkish Orthopaedics and Traumatology Congress (18-23 October 2003 - Istanbul
Correspondance to: Dr. Aykin Simsek.Gazi University , Faculty of Medicine ; Department of Orthopedics and Traumatology , 06510 Besevler, Ankara.
Phone: 0312 - 202 55 28 Fax: 0312 - 212 90 08 e-mail: ayk@med.gazi.edu.tr

Received: 04.03.2004 Accepted: 31.01.2005



Acta Orthop Traumatol Turc

The incidence of Achilles tendon ruptures has
increased as a result of increasing participation of
the society in sportive activities."™ The treatment of
these ruptures is still controversial. The purpose of
the therapy is to protect the length and stretch of the
tendon to provide the strength of gastrocnemius and
soleus muscle complex .The treatment modalities
are separated into three: Open repair, percutaneous
repair and conservative methods. Plaster fixation is
the most frequently employed conservative method.
It is clear that the healing process is carried out by
the paratenone which remains intact during the rup-
ture. However, it was observed the rupture reoccurs
by a ratio of 13-30% in patients treated with conser-
vative methods.

Nevertheless, conservative treatments is pre-
ferred since it gives similar results and lesser com-
plications to other modalities.*** Since prolonged
immobilization results in muscle atrophy and loss of
strength in cruris, it was claimed that shorter immo-
bilization associated with functional therapy gave
much better result in long term basis. "

It was claimed that in tendons treated with percu-
taneous method resulted in 50% loss in strength, the
recurrence of the rerupture has increased and sural
nerve lesion was developed in most of the applica-
tions. %7

In last two decades the open repair is recom-
mended as the first choice for especially athletic and
active people. There are many techniques defined in
this respect. Bunnel and Kessler first described end
to end repair.”! There are also different techniques
developed such using fasial grafts in order to
strengthen the sutures , the use of plantaris tendon,
peroneal and tibial muscles as grafts and the use
plastic tendons and vascular grafts.'>*%%!

Achilles tendon ruptures come third as regards to
incidence of ruptures after rotator cuff and quadri-
ceps tendon."* *'” Most of the ruptures occur in
sports activities (83%) and much more prevalent in
males. Most of the patients are sedentary males with
occupation at the ages of 30- 40 who are occasional-
ly involved in sports activities. "

In this study the long term consequences of the
surgical therapy were objectively and subjectivey
evaluated by gait analysis and isokinetic muscle
strength measurements.

Patients and method

15 male patients with Achilles tendon rupture
were treated with surgical therapy between 1998 -
2001 (the average age of the patients were 39.5 rang-
ing between 28 and 58 years of age). The rupture
was at the left side in eight cases, right side in seven
cases and dominant side in six cases. Except in one
case the rupture has occurred when the patients were
doing active sports. It occurred when playing foot-
ball in 11 cases, volleyball in two cases, jumping
rope in one patient and walking as a result of twist-
ing of an ankle in one patient

The rupture was operated in the early stage (with-
in the first post traumatic week) in eleven and in the
late stage ( after the first post traumatic week) in four
patients. Two of the patients who were operated at
the late stage were subjected to tendon repair with
Bosworth technique and the remaining 13 patients
were operated with Lindholm tendon repair method.
4% The patients were operated after cast and pro-
phylactic antibiotic application. Two of the patients
were reoperated due to postoperative early stage
infection and reaction against sutures.

Ten patients were plastered with short leg cast.
The patients were allowed to walk with one or two
support sticks at the first or second post operative
day and they were discharged provided that they
would carry out isometric exercises at home. The
plaster was removed at the fourth post operative
week and a polyethylene splint which kept the ankle
at neutral position and did not allow dorsal flexion
was applied. After the fourth post operative week the
patients were allowed to step on their foot with the
application of partial load bearing. The amount of
load applied was gradually increased and the
patients were suggested to apply a full load 12 week
after the operation. The average follow up period
was 16.8 months ( 8-48 months).

The patients were both objectively and subjec-
tively evaluated by the use of a scoring system
developed by Thermann et al.""" According to this
system 90-100 points is  very good, 80-89 points is
good, 70-79 points is moderate and 60-69 points is
poor.

Isokinetic tests were carried out with CYBEX-
350 isokinetic dinamometer (Lumex Inc., Ronkoma,
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USA). The power and strength tests were performed
with 3, 10 and 20 times repeated extension at a rate
of 30 and, 120 degrees / second keeping the patient at
prone position and hips and knees were at full
extension. The power was measured by the total
work (torque x distance) and the strength was mea-
sured by peak torque ( force (N) x distance(m) )

At the final stage of the study the patients were
subjected to gait analysis . The foot pressure distrib-
ution was evaluated by the use of EMED-SF (Novel
GmbH, Munich, Germany). The 445 mm x 225 mm
sensitive monitors of the apparatus were mounted
onto a 7m x1 m walking platform. The platform was
covered with a non- transparent cover. The patients
were given an ample time to get use to the medium
and the platform. However the patients were not
given any information about the place of the sensi-
tive plates. They were asked to walk on the platform
with a place they preferred. Both feet of the patients
were analyzed three times. The data obtained from
the intact feet were taken as the control group. The
dynamic and static pressure map of the feet were
taken by the use of the platforms which measured
the floor reaction strength and pressure variations in
the foot, heel and the forefoot during the walking
phase . All the data obtained from the inured foot
were compared with the intact foot. The statistical
data of the dorsiflexion, plantar flexion , leg circum-
ference, peak torque, total work, the duration of the
stand up phase, the duration of twisting with the fore
foot, the ground reaction force of the forefoot and
the heel were recorded. The data obtained were eval-
uated Wilcoxon signed-rank test. p<0.05 value was
accepted as significant.

Results

Seven patients (%46.7) had no pain, six patients
(40 %) complained from pain during medium to
heavy sport activities and one patient (6.7%) com-
plaint from pain in slight exercise . In nine patients
(60%) there was no loss of strength in the operated
side while four patients (26.7 %) complained from
the loss of strength in heavy and two
patients(13.3%) had a loss of strength in medium to
heavy activities (26.7%) . Seven patients (46.7%)
were observed to reach to their pre injury activity
levels. Slight loss in the sportive activity of two
patients was observed (13.3%) and there was a seri-
ous loss of activity in six patients (40%)

The subjective evaluation of the patients showed
that the therapy applied was very good in six (40%),
good in six  (60%) and average in three (20%)
patients. The objective measurements revealed that
the operated side had an average muscle atrophy of
0.43 cm compared tp the opposite side . The mea-
surements were made 10 cm distal of tuberositas
tibia. The outcome was regarded as “very good” in
four (%26.7) , “good” for five (%33.3), “average”
for two (%26.7) and “poor” for two (%13.3) of the
patients. (Table 1)

There was a superficial infection and wound
healing complications in one of the patients . Two of
the patients were re operated due to early stage
infection and suturing reaction. In the movement
range of the ankle there was a difference of 1.4
degrees in dorsiflexion (between -8 to 10 ) , 2.5 dif-
ference in plantar flexion ( between -5 and 20).

Table 1. Subjective and objective evaluations of the
surgical treatment

Evaluation Percentage
Pain
None 46.7
During heavy activity 20.0
During moderate- heavy activity 6.7
During slight activity 6.7
Subjective power loss
None 60.0
During heavy activity 26.7
During moderate- heavy activity 13.3
During slight activity -
Participation in sport activities
No difference 46.7
Slighty decreased 13.3
Significantly decreased 40.0
Limited -
Subjective evaluation of the treatment
Very good 40.0
Good 20.0
Average 40.0
Poor -
General evaluation
Very good 26.6
Good 333
Average 26.7
Poor 13.3
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Table 2. The difference in muscle strengths of the injured and intact sides measure by Cybx Apparatus

Lowest % Highest % Mean %
Dorsiflexion Peak torque difference at 30 deg/sec -13 18 -4.60
Peak torque difference at 120 deg/sec =27 35 1.26
Total work difference at 30 deg/sec -27 33 -6.06
Total work difference at 120 deg/sec -44 42 -0.27
Plantar flexion  Peak torque difference at 30 deg/sec -33 44 1.53
Peak torque difference at 120 deg/sec -35 112 1.80
Total work difference at 30 deg/sec -38 59 -5.13
Total work difference at 120 deg/sec -50 115 -0.73

There was a limitation of 4 degrees in the movement
range. The dorsiflexion was higher in the intact side
in two patients (13.3%), lower in four patients
(26.6%), the same in both sides in nine patients
(60%).

The plantar flexion on the other hand is higher in
the intact side in one patient (%6.7), lower in four
patients (26.6 %) and the same in ten patients (67
%). There was a decrease in torque and increase in
total work in all patients. These were much higher in
slow pace (30 degrees /second ) than in the fast pace
(120 degrees /second) (Table 2)

The comparision of the traumatic and the intact
sides revealed that there was not a significant differ-
ence in dorsiflexion, plantar flexion, peak torque ,
total work, the period of stepping phase, the duration
of standing, and floor reaction pressure time in
hells and feet. (p>0.05). Only at a pace of 30
degree/second was there a statistically significant
relation in planter flexion, and total work between
the intact and traumatic legs (p<0.05).

The results of leg periphery strength analysis
showed a significant difference in peak torque dif-
ference in single plantar flexion at 30 degrees / sec-
ond (p<0.05). There was not a significant difference
in forefoot base reaction pressure (p>0.05). There
was a positive and significant correlation between
pre operation period and floor reaction pressure at
the heel (p<0.05).

Discussion

In Achilles tendon rupture conservative treat-
ment is generally preferred due to advantages such
as short hospitalization time, lower anesthetic risk,
decreased wound healing complication and early

return to active life. > Nistor, recommended the
conservative treatment stating that the complica-
tion ratio after the surgical treatment is high and
there was no difference in functionality between
these two modalities.”” Carden et al reported the
rate of complication after surgical and conservative
treatments as 17% and 4%. However they stated
that the post treatment recurrence of the rupture in
the patients treated with conservative method was
much higher. Kelam et.al indicated that the inci-
dence of rerupture after the treatment was 18 % in
conservative therapy while it remained only 1 % in
surgical approach."” In another meta- analysis
study the incidence of post treatment ruptures was
found as 3% for surgical and 12 % for conservative
therapies. ™

In our study the ratio of post treatment compli-
cation in surgical approach was found as 13.3 %
and there was no post treatment ruptures occurred
in any of the patients . However since the conserv-
ative therapy does not prevent the elongation of the
tendon it not possible to achieve the one of the
main objectives of the therapy. """ Today where
modern anesthesia and physical therapy methods
are available, the surgical method is opted for the
athletic patients."*° It was observed that 83% of
the patient in surgical therapy and 69% of the
patients in conservative treatment reached their pre
traumatic activity levels. It was also stated that
93% of the patients subjected to surgical and 66 %
of the patients treated with conservative approach
were satisfied with final result."® The objective
measurements in our study showed that the ratio of
“very good” and “good” results was 60%. 80% of
the patients indicated that they found the surgical
treatment “very good “or“‘good”. In subjective
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evaluations the ratio of the patients who had no or
very little loss of strength in leg peripheral muscles
was 86 %. 60% of the patients reached their pre
traumatic activity levels. In objective evaluations
the operated side showed a muscle atrophy of 4.3
mm compared with the opposite side. Scarfi et al
reported that there was a decrease of 8 mm in the
periphery of the operated side after the Achilles
tendon rupture was repaired with percutaneous
method.”” The objective of the Achilles tendon
repair is to establish its length. The excessive elon-
gation of the tendon is not desired. In the case of
the elongation in the Achilles tendon one expects
an increase in ankle dorsification and decrease in
pressure in foot. Armstrong et.al applied percuta-
neous Achilles tendon elongation in diabetic
patients in order to decrease the risk of wound for-
mation related to the increase in forefoot pressure
and they obtained 8 degrees increase in foot dorsi-
fication and a 27% decrease in foot pressure.'"”

In order to investigate the tendon elongation
consequences in our study the patients treated with
surgical approach were subjected to gait analysis
and isokinetic muscle power measurements. We
met no similar study where the results of surgical-
ly treated Achilles tendon ruptures were evaluated
by muscle strength tests and gait analysis in litera-
ture. These evaluations showed no differences in
plantar flexion in ankle, the period of stepping
phase, twisting period on foot and base reaction
pressure on heel between the intact and traumatic
sides which might indicate a significant elongation
in Achilles tendon.

In the ruptured side the measured peak torque
was found higher and total work was found lower
than the intact side. These values were found to be
markedly increased in lower rate (30 degree/sec-
ond) than the higher rate (120 degree/second). In
conclusion there were no symptoms indicating loss
of strength except at lower rate. Also leg periphery
difference and planter flexion showed a significant
positive change with peak torque change at 30
degree/ second. Leppilahti et al. reported that plan-
tar flexion and peak torque changed with rate in
surgically treated Achilles tendon ruptures.” In the
ruptured side the difference in peak torque was 9%
at 30 degree / second, 10 % at 90 degree / second
and 2 % at 240 degree / second."* >

The period before the operation play an impor-
tant role in the eventual results. In isokinetic eval-
uations it was stated that there were 16.5 % and
17.5 loss of strength in plantar flexion and dorsi-
flexion in the patients followed up for 6-14 months
! In our study at a planter flexion of 120 degree /
second the difference in total work was observed to
increase with the increase in waiting period. It was
concluded that the delay of operation had an
adverse effect on both the muscle strength and
speed.

In conclusion surgical treatment is the recom-
mended modality of treatment in Achilles tendon
ruptures since it result in long term patient satis-
faction with early application and with scrutinizing
surgical technique and gave highly good results
with short term immobilization with a very little
rate of complication and recurrence
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