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ABSTRACT 
Aim: The aims of this study were: 1) to estimate the prevalence and pattern of complications after Achilles ten- 
don (AT) repair, and 2) to determine the significant predictors of post-operative infection. Methods: A retros- 
pective cohort study of all patients who were operated at Hamad General Hospital (HGH) between June 2010 
and June 2012 for AT rupture (n = 102), was conducted. Data was collected on 1) patient’ characteristics such as 
age, sex; 2) disease characteristics such as mechanism of rupture, type of rupture (partial or complete), whether 
an anterior or posterior slab was applied, number of suture materials, number of antibiotics, surgical time, time 
to surgery and length of hospital stay (LOS), number of follow up visits, and 3) complications. Descriptive and 
analytical statistical analyses were applied. Receiver operating characteristic curve was applied to identify the 
validity of different LOS values, with a significance level at p ≤ 0.05. Results: Of the 102 patients with Achilles 
rupture, almost males (96.1%), with a mean age 31.07 ± 9.71 years, 52% with complete rupture, the majority 
were open ruptures (81.4%) and bathroom-related (70.6%). Anterior slab was applied to 58.2% and 2 types of 
suture materials to 71.6% of cases. Fifteen cases (14.7%, 95% CI: 7.8% - 21.6%) presented with one or more 
complications (9.8% post-operative infections, 5.9% stiffness and 2% re-rupture). Post-operative infections were 
significantly associated with: old age (z = 2.11, p = 0.035), longer LOS (z = 2.01, p = 0.04), and presence of dia- 
betes (Fisher exact test: p = 0.003). After adjustment for age, LOS (p = 0.04) and diabetes (p = 0.017) remained as 
significant predictors of post-operative infections. LOS of 2.5 days was the optimum cut-off point above which 
post-operative infection is more likely to occur, with sensitivity of 80% and specificity of 54%. Conclusion: 
Achilles repair post operative infection ranks first as a complication of AT surgical repair, and its incidence is 
relatively higher in HGH than the counterpart figures in the literature. The presences of diabetes and LOS are 
independent predictors of this infection. Further prospective studies are recommended to control for all possible 
confounders of outcome of AT rupture repair. 
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1. Introduction 
The Achilles Tendon (AT) is one of the most frequently 
ruptured tendons in the human body [1] and has become 
the third most frequent major tendon injury behind those 
of the rotator cuff and knee-extensor mechanisms [2]. 
There has been an increase in incidence over the last half  

century [3], with studies reporting up to 18 per 100,000 
[1]. Acute ruptures of the Achilles tendon most common- 
ly affect individuals in their third to fifth decade of life 
who are intermittently active [4]. The etiology of Acute 
Achilles tendon ruptures is multi-factorial and includes 
overuse injuries, host factors, medications, or inappro- 
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priate footwear [5]. 
Recent studies have shown successful outcomes with 

non-operative and operative treatment. Comparative stu- 
dies between non-operative and operative treatment 
showed a higher rate of re-rupture with nonoperative 
treatment, but also showed risks of wound healing, 
wound infection, and nerve injury with operative treat- 
ment [4-8]. Studies have published a re-rupture rate of 
4.3% to 23% in non-operatively treated patients com- 
pared to 1.7% to 10% for operatively treated patients [9]. 
Operative treatment was associated with a significantly 
higher risk of wound complications, adhesions, infection, 
and nerve injury [10]. 

A large number of medical reports and meta-analyses 
have been published in the field of Achilles tendon rup- 
ture, but there is still a lack of consensus on the best 
management. There is limited knowledge about the pre- 
dictive factors for outcome after an acute Achilles tendon 
rupture. The identification of important predictive factors 
would be beneficial for both an understanding of how to 
individualize treatments and when designing future treat- 
ment protocols [11]. The aims of this study were: 1) to 
estimate the incidence and pattern of complications after 
Achilles tendon repair, and 2) to determine the significant 
predictors of post-operative infection. 

2. Methodology 
2.1. Setting 
This study was conducted at Hamad General Hospital 
(HGH), at Doha, Qatar. It is the only primary trauma cen- 
ter in the state of Qatar. It’s the 2nd hospital in the world 
to be accredited by the Accreditation Council for Gradu- 
ate Medical Education International (ACGMEI). HGH is 
the first and only hospital corporation in the world to 
achieve simultaneous accreditation and reaccreditation of 
all its facilities by the Joint Commission International 
(JCI), and Qatar is the only country outside of the United 
States to achieve such accreditation for all its public hos- 
pitals. It has a capacity of 603 beds and one of the high- 
est rates of trauma in the Middle East [12,13]. 

2.2. Design 
This observational retrospective cohort study involved 
the review of hospital charts for patients receiving 
Achilles tendon repair surgery over a 2-year period (June 
2010-June 2013, inclusive) at Hamad General Hospital. 
The existing practice pattern for Achilles tendon surgery 
at HGH is that patients are admitted for several hours up 
to a few days before an operating room becomes availa- 
ble. However, for open injuries, surgery is performed as 
an emergency within 24 hours, although an 8-hour inter- 
val is a recommendation. After surgery, patients are ei- 
ther discharged the same day or thereafter, depending on 

their postoperative status. Currently, there is no agreed- 
upon standard of care for the pre- and/or postoperative 
management of Achilles tendon ruptures in HGH. 

2.3. Data Collection and Analysis 
Following the approval of the study protocol by the In- 
stitutional Review Board (IRB) committee of Hamad 
General Hospital, the following data were collected. 
• Patient characteristics such as age, sex, co-morbid- 

ities, etc. 
• Disease characteristics such as type of injury (closed 

or open), mechanism of rupture (sport-related or oth- 
ers), type of rupture (partial or complete). 

• Management characteristics: number of suture mate- 
rials, number of antibiotics, surgical time and length 
of hospital stay (LOS), number of follow up visits, 
and complications. These complications are infection 
(superficial or deep), stiffness and re-rupture prob- 
lems. 

All data were coded and analyzed using the Statistical 
Package for the Social Sciences (SPSS) program (version 
11). Descriptive statistics such as mean, median, range, 
and standard deviation were used. Frequencies (%) with 
their corresponding 95% confidence intervals (CIs) were 
calculated. Both qualitative and quantitative analyses 
were applied to investigate associations and differences. 
Student t test and Mann-Whitney U test were used to 
compare numerical data. For categorical data, chi-square 
test and Fisher exact test were applied. Logistic regres- 
sion analyses were applied to identify the significant pre- 
dictors of AT repair post-operative infection. Receiver 
operating characteristic (ROC) curve was applied to al- 
locate the cut-off value of LOS above which infection is 
likely to occur post-operatively. Significance was consi- 
dered at p ≤ 0.05. 

3. Results 
3.1. Patients, Injury and Management  

Characteristics 
Table 1 shows the distribution of the study sample ac- 
cording to incidence of infection and association with 
some other characteristics. Cases were mostly of male 
gender 96%, aging from 10 to 68 years, with the mean 
age of 31.1 ± 9.7 years, with partial and complete rup- 
tures of 48% and 52% respectively, mostly due to bath- 
room injury 70%, with anterior (58%) and posterior 
(42%) slabs applied.  

3.2. Incidence of Complications 
Complications occurred in 14.7% (95% CI: 7.8 - 21.6) of 
all cases. These complications were presented as; infec- 
tion 9.8% (95% CI: 4.0 - 15.6), stiffness 5.9% (95%  
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Table 1. Association of infection after Achilles tendon rupture repair with some patients, injury and management characteristics. 

Characteristics 
Infected  n = 10 (9.8%) No infection  n = 92 (90.2%) Significance 

x ± SD x ± SD test, p-value 

Age (years) 37.67 ± 13.03 29.93 ± 8.62 z = 2.11, p = 0.03* 

Sutures (No.) 1.60 ± 0.52 1.72 ± 0.48 z = 0.82, p = 0.41 

Antibiotics (No.) 1.60 ± 0.52 1.49 ± 0.52 z = 0.69, p = 0.49 

Length of stay (days) 4.20 ± 2.82 2.70 ± 1.45 z = 2.01, p = 0.04* 

Surgical time (minutes) 49.50 ± 21.79 51.10 ± 26.74 z = 0.25, p = 0.80 

Time to surgery (hours) 19.04 ± 16.94 14.40 ± 10.98 z = 0.89, p = 0.37 

 n (%) n (%) test, p-value 

Gender 
Male (98, 96.1%) 
Female (4, 3.9%) 

 
9 (9.2) 
1 (25.0) 

 
89 (90.8) 
3 (75.0) 

 
Fisher exact test: p = 0.342 

Diabetes 
None (98, 96.1%) 
Yes (4, 3.9%) 

7 (7.1) 
3 (75.0) 

91 (92.9) 
1 (25.0) 

 
Fisher exact test: p = 0.003* 

Mechanical injury 
Sport related (14, 13.7%) 
Others (88, 86.3%) 

 
2 (14.3) 
8 (9.1) 

 
12 (85.7) 
80 (90.9) 

 
Fisher exact test: p = 0.624 

Type of rupture 
Complete (53, 52.0%) 
Partial (49, 48.0%) 

 
5 (9.4) 
5 (10.2) 

 
48 (90.6) 
44 (89.8) 

 
χ2 = 0.017, p = 0.896 

Slab applied# 
Anterior (46, 58.2%) 
Posterior (33, 41.8%) 

 
4 (8.7) 
3 (9.1) 

 
42 (91.3) 
30 (90.9) 

 
χ2 = 0.004, p = 0.951 

Close vs. Open 
Closed (19, 18.6%) 
Open (83, 81.4%) 

 
1 (5.3) 
9 (10.8) 

 
18 (94.7) 
74 (89.2) 

 
Fisher exact test: p = 0.683 

z: Mann-Whitney test; χ2: Pearson Chi-square; *Statistical significance; #Figures were shown for available data. 
 
CI: 1.3 - 10.5) and re-rupture 2% (95%CI: −0.7 - 4.7), 
(Figure 1). 

3.3. Association of Infection with Some Patients,  
Injury and Management Characteristics 

Incidence of infection was not significantly associated 
with any of the injury characteristics: mechanism of rup- 
ture, its type, complete or partial, or close or open. The 
presence of diabetes was the only variable significantly 
associated with infection, with incidence of 75% among 
diabetics as compared to only 7.1% among non-diabetics. 
There was a tendency for higher—though not statistically 
significant—incidence of infection among females (25% 
vs. 9.2%). Meanwhile, of all management characteristics, 
length of hospital stay was the only variable significantly 
associated with infection. Infected cases showed signifi- 
cantly higher mean length of stay (4.2 days) than did the 
non-infected ones (2.7 days). 

When we applied the regression analysis of post-repair 
infection with both length of stay and the presence of di- 

 
Figure 1. Incidence of complications after Achilis tendon 
rupture repair at HGH. 
 
abetes as independent variables (these two variables were 
the only variables significantly associated with infection 
in the univariate analyses), and adjusting for age, the 
presence of diabetes was the only significant predictor of 
post-repair infection (Table 2). Diabetics are 30 times 
more likely to contract infection after repair than non- 
diabetics (OR = 30.58). 
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Table 2. Age adjusted predictors of post-operative infection. 

 Beta S.E. adjp-value adjOR (95% CI) 

Gender (Male vs. Female) −0.40 1.68 0.81 0.67 (0.03 - 17.99) 

Hospital stay (Days) 0.37 0.18 0.04* 1.45 (1.02 - 2.08) 

Diabetes (Yes vs. No) 3.421 1.429 0.017* 30.58 (1.85 - 503.41) 

Type of injury (Open vs. Closed) 1.09 0.86 0.20 2.97 (0.55 - 16.00) 

Mechanism (Bathroom vs. Sport) 0.67 0.88 0.45 1.95 (0.35 - 10.89) 

Type of rupture (Complete vs. Partial) 0.19 0.60 0.74 1.21 (0.38 - 3.90) 

Slab application (Posterior vs. Anterior) 0.02 0.75 0.98 1.02 (0.24 - 4.31) 

Antibiotics (No.) 0.41 0.57 0.47 1.51 (0.50 - 4.58) 

Suture materials (No.) 0.37 0.67 0.58 1.45 (0.39 - 5.41) 

Surgical time (minutes) −0.01 0.01 0.63 0.99 (0.97 - 1.02) 

Time to surgery (hr) −0.001 0.02 0.97 0.99 (0.95 - 1.05) 

*Denotes significance; OR: odds ratio. 
 

When applying the Receiver operating characteristic 
(ROC) curve to allocate the cut-off of hospital days 
above which infection is more likely to occur, the value 
of 2 and half days was the cut-off for post-repair infec- 
tion. At this cut-off of 2.5 days, sensitivity was 80% 
(high), while the specificity was only 54% (low). 

However, the negative predictive value was very high 
(96%). This means that when a patient is discharged be- 
fore the period of 2.5 days, we will be more confident of 
no post-repair infection contraction (Table 3 and Figure 
2). 

4. Discussion 
The etiology of Achilles tendon ruptures is regarded as 
multifactorial [13], but there is little agreement in the 
literature Achilles tendon ruptures commonly occur to 
otherwise healthy men in the middle age group who have 
had no previous injury or problem reported in the af- 
fected leg. In a previous study by Houshian et al. [14], 
the incidence of rupture was highest in the 30 - 39 year 
age group. This was in agreement with the finding of the 
present study, were the mean age of patients with rup- 
tures was 31.1 years, and infection was even significantly 
associated with increasing age. There is some evidence 
of degenerative changes in the ruptured tendon [13,15, 
16], and these changes, combined with a high activity 
level, may partly explain the sports-related peak in inci- 
dence in the middle-aged group. 

Most Achilles tendon ruptures occur in men and the ra- 
tio between men and women is between 3:1 and 18:1, in 
general approximately 10:1 [14,17]. This was in agree- 
ment with the findings of the present study, where almost 
all patients who presented to the hospital with Achilles 

Table 3. 2 × 2 table of length of stay and post-operative in- 
fection after Achillis tendon rupture repair. 

 Infection No infection Total 

2.5 Days or more 8 (20.0) 42 (45.7) 50 

Less than 2.5 days 2 (20.0) 50 (54.3) 52 

Total 10 92 102 

Sensitivity = 8/10= 80%, Specificity = 50/92 = 54.3%, Positive predictive 
value (PPV) = 8/58 = 14%, Negative predictive value (NPP) = 50/52 = 
96.2%. 
 

 
Figure 2. ROC curve of hospital stay in days with complica- 
tions. 
 
tendon rupture (96%) were of male gender. The inci- 
dence of Achilles tendon rupture appears to be rising and 
approximately 75% of all ruptures occur during sporting 
activities [13]. However, in the present study, sports-re- 
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lated ruptures constituted only 14% of all ruptures, while 
the majority of ruptures were due to bathroom injury. 
This may reflect the necessity to look for an ergonomic- 
based design to the bathrooms in our Gulf region that 
reduces the incidence of such type of injury. 

The treatment of an Achilles tendon rupture is either 
surgical or nonsurgical. However, there is a lack of litera- 
ture indicating which treatment leads to superior func- 
tional outcomes [18-22]. Studies have published a re- 
rupture rate of 4.3% to 23% in non-operatively treated 
patients compared to 1.7% to 10% for operatively treated 
patients [11]. In the present study, those who presented 
with re-rupture constituted only 2% of all surgical cases. 
This figure is less than the figure from four previous stu- 
dies [8,18,20,23] of open surgical treatment versus non- 
surgical treatment that showed a re-rupture rate of 3.5% 
in the surgically treated group and 12.6% in the non- 
surgically-treated group. Studies of mini-invasive tech- 
niques indicate a decreased incidence of wound compli- 
cations, especially infection, but this technique might 
increase the risk of sural nerve injury [24]. 

Operative treatment was associated with a significant- 
ly higher risk of wound complications, adhesions, infec- 
tion, and nerve injury [10]. An incidence of 4.7% post- 
operative infection was reported from four previous stu- 
dies [18-20,23], supported by a large meta-analysis study 
[25], suggesting that there are benefits to non-operative 
management. In the present study, post-operative infec- 
tion showed a comparatively higher incidence of 10%, 
supporting the results of previous studies concerning 
complications other than re-rupture. Surgical treatment 
may be able effectively to reduce the risk of reruptures 
but leads to more complications than non-surgical treat- 
ment. The re-rupture rate is relatively low regardless of 
treatment and might therefore not be the most appro- 
priate outcome measurement when comparing treat- 
ments. 

There is limited knowledge about the predictive fac- 
tors for outcome after an acute Achilles tendon rupture. 
The identification of important predictive factors would 
be beneficial for both an understanding of how to indi- 
vidualize treatments and when designing future treatment 
protocols [10]. In a previous study, age was the only in- 
dependent predictor of outcome, while gender, body 
weight, height, period between rupture and operation, 
surgeon, rupture site, operative method, complications, 
and thickness, width, and area of the Achilles tendon at 
follow up were all not related significantly to the out- 
come [26]. In the present study, age, length of stay, as 
well as the presence of diabetes were significantly asso- 
ciated with infection, and when adjusting for age as a 
possible confounder, the presence of diabetes and longer 
length of stay remained as significant predictors of post- 
operative infection. 

A higher rate of deep infection has been reported in 
diabetic patients undergoing surgery [27]. In patients 
with operatively managed Achilles tendon ruptures, di- 
abetes increased the risk of wound complications by 3.4 
times [28]. A deep infection after surgery for AT repair 
can have devastating effects, and is a major management 
challenge. In the present study, the presence of diabetes 
was a significant predictor of post-operative infection, 
even after adjusting for age. Infection was shown in 75% 
of diabetic patients as compared to only 7.1% in non- 
diabetic ones. However, the finding that diabetic patients 
have high rate of post-operative infection is not new [27, 
28], and it is also of note the fact that tendon healing in 
these patients impaired [29]. Percutaneous repair in di- 
abetic patients with AT rupture may minimize the rate of 
infections arising from traditional open repairs [30-32]. 

Surgical management is currently the most common 
treatment offered for ruptured Achilles tendon; however, 
the length of hospital stay varies among hospitals. In the 
present study, the length of stay ranged from 1 to 11 days 
with an average stay of 2.8 days. Longer LOS was sig- 
nificantly associated with post-operative infection. An 
observational retrospective analytical study of safety and 
hospital stay cost of AT surgery demonstrated that sur- 
gical treatment of acute Achilles tendon ruptures was 
both safe and less costly when performed as an outpatient 
procedure [31]. 

The infection rate reported in the literature is consis- 
tent with that of this study [22]. When applying ROC 
curve to allocate the cut-off at which infection is pre- 
dicted, a LOS of 2.5 days or less would be protective 
against post-operative infection. When applying the ROC 
curve to allocate the cut-off of hospital days above which 
infection is more likely to occur, the value of 2 and half 
days was the cut-off for post-repair infection. At this cut- 
off of 2.5 days, sensitivity was 80% (high), while the 
specificity was only 54% (low). However, the negative 
predictive value was very high (96%). This means that 
when a patient is discharged before the period of 2.5 days, 
we will be almost sure of no infection contraction. That 
is a good negative test. Minimally invasive surgical (MIS) 
repair using Achilles method can achieve smaller inci- 
sions, shorter operative time and hospital stay [22].  

5. Limitations 
The nature of this observational analytical study limits 
our ability to capture reasons for prolonged admission 
times. The inconsistent details recorded in the hospital 
charts did not allow for an analysis of co-morbidities, 
other than diabetes mellitus. Therefore, the effects of 
smoking status, concurrent medication or activity level 
on prolonged admission times could not be determined in 
this study. The main outcome of the present study has 
been complications such as re-ruptures and infections, 
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without focusing on the patient-reported or functional 
outcomes relevant to the majority of patients who do not 
experience these complications. 

6. Conclusions 
Aside from the above mentioned limitations, we can con- 
clude the followings: Incidence of post-operative compli- 
cations is seemingly high when compared with the inter- 
national figures. Infection ranked first as a post-repair 
complication, followed by stiffness and re-repair. Early 
discharge of post-repair for Achilles is recommended as a 
safeguard against infection.  

Special attention must be paid to Achilles cases with 
diabetes. Percutaneous repair of the AT is a viable option 
for diabetic patients. Future studies should prospectively 
analyze patients and stratify them according to risk fac- 
tors that could potentially require admission or delay dis- 
charge after a surgical procedure. Finally, major technical 
improvements in surgical and non-surgical treatment may 
change the advantages and disadvantages of each treat- 
ment. 
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