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يركسلاىضرمنيبلحاكلاروسكلةيحارجلاتايلمعلاربتعت:ثحبلافادهأ
ىوتسمحارتقامت.ةريطخةيبلسجئاتنوةميخوبقاوعاهلنوكينأنكميوةعئاش
ىضرملةيرايتخلااةيحارجلاتايلمعلاعيمجيف٪8>فدهتسميمكارتلاركسلا
دعبامتافعاضموجئاتنةساردىلإفدهننحن.ةئيسلاجئاتنلاليلقتليركسلا
مادختسابلحاكلارسكلةيحارجةيلمعلاوعضخنيذلاىضرملانيبةحارجلا
.ةيؤبنتةميقكيمكارتلاركسلاىوتسم

دبعكلملاةنيدميفتيرجأيعجررثأبةيبارتأةساردهذهتناك:ثحبلاةقيرط
يركسلاىضرمعيمجىلع2022ربمسيدو2016ريانينيبةيبطلازيزعلا
ةبسنلقثومىوتسممهيدلنيذلاويلخادلاتيبثتلاوحوتفملادرللاوعضخنيذلا
ىلإابنجةيعاعشلإاتافعاضملاوجئاتنلاتظحولدقو.يمكارتلاركسلاىوتسم
.ايئاصحإاهليلحتمتويمكارتلاركسلاىوتسمتايوتسمعمبنج

و)٪65.9(ةأرما29،ةساردلايفاضيرمنيعبرأوةعبرأنيمضتمت:جئاتنلا
يئانثلحاكلارسكوهاعويشرثكلأالحاكلارسكعونناك.لاجر)34.1٪(15

نم)٪54.5(ةعفترميمكارتلاركسلاىوتسمةبسنناك.)٪54.5(بناجلا
ىوتسمىوتسممهيدلنيذلاىضرملانمريثكبىلعأةبسنكانهتناك.ىضرملا
مهيدلنيذلاىضرملابةنراقميعاعشإداحتامهيدل%8نملقأيمكارتلاركسلا
ىوتسممهيدلنيذلاىضرملانأظحول.%8≤يمكارتلاركسلاىوتسمىوتسم
ملاهنأنممغرلاىلعرثكأتافعاضممهيدليمكارتلاركسلاىوتسمنمعفترم
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تافعاضملا؛جئاتنلا

Abstract

Objective: Ankle fracture surgeries among diabetic are

common and can have fatal consequences and serious

adverse outcomes. A target hemoglobin A1c (HbA1c)

level <8% in all elective surgeries for patients with dia-

betes is suggested to minimize poor outcomes. We

investigated the postoperative outcomes and complica-

tions among patients who underwent ankle fracture sur-

gery using HbA1c level as a predictor value.

Methods: This retrospective cohort study was conducted

at King Abdulaziz Medical City between January 2016

and December 2022 on all patients with diabetes who

underwent open reduction and internal fixation and who

had a documented HbA1c level. Radiological outcomes
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and complications were noted along with the levels of

HbA1c and analyzed statistically.

Results: A total of 44 patients were included in the study:

29 women (65.9%) and 15 (34.1%) men. The most

frequent ankle fracture type was bimalleolar (54.5%).

HbA1c was elevated (54.5%) in patients. A significantly

higher proportion of patients who had <8% HbA1c level

had radiological union compared to patients who had

�8% HbA1c level (p ¼ 0.036). Patients who had elevated

HbA1c level had more complications although it did not

reach statistical significance (p > 0.05). Multivariate

regression analysis showed that age and HbA1c level

were the significant factors for an uncomplicated and

successful ankle surgery.

Conclusion: Poor postoperative outcomes and complica-

tions are more common among patients with elevated

HbA1c. This suggests that an elevated HbA1c level is

associated with a poor treatment outcome. Determination

of HbA1c levels may predict potential problems post ankle

fracture surgery and improve management outcomes.

Keywords: Ankle fracture; Complications; Diabetes mellitus;

HgbA1c; Outcomes

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Ankle fractures are common orthopedic emergencies,

particularly among patients with diabetes who need special
attention because of their associated adverse events such as
infections and disability.1,2 Dealing with fractures remains a
challenge for the health care system, treating facilities, and

the patient due to cost, burden of injury, and disability.1,3 A
nationwide study in the United States had an ankle fracture
incidence rate of 4.22/10,000 person-years with a higher in

women than men.4 Falls, sports, and exercise accounted for
the top three mechanisms of injury in ankle fractures.4e6

For complete care, anassessment and treatment strategy for

ankle fractures are required through evaluation of anatomical
structures and typeof injury, anduseofa categorization system
must be considered.5,7 The presence of comorbidities such as

diabetes mellitus (DM) make management more difficult and
can have fatal consequences and serious adverse outcomes.1,5

It has been demonstrated that osteoblast activity and the
cellular molecular environment of the bone are altered in the

presence of type 2 DM.8,9 The severity of diabetes is
significantly proportional to bone turnover and resorption
and vasculature, and plays an important role in bone

healing.10,11 Regarding ankle fractures, 30% of patients with
DM do not have restored function after surgery compared to
patients without diabetes.9 Amputation rate in patients with

diabetes who have ankle fractures was found to be increased
fivefold after surgery and was even worse if it was an open
ankle fracture, increasing the percentage of amputation to
42%.9,12 Furthermore, DM was more likely to increase the
likelihood of complications in orthopedic fractures such as

deep wound infection, delayed union, non-union, and surgi-
cal site infection.9 The American Diabetes Association
published a guideline that recommended a target hemoglobin

A1c (HbA1c) level <8% in all elective surgeries for patients
with diabetes.13 The effect of HbA1c levels on the surgical
management of ankle fracture showed a poor correlation

with bone healing and higher rates of postoperative infection
when the HbA1c level was >7.3%.14,15

This study investigated the postoperative outcomes and
complications among patients who were surgically managed

using HbA1c level as a predictor. The goal of this study is to
bring value and expand the information and knowledge in
the literature on the influence of HbA1c level in ankle surgery

outcomes among patients with diabetes.

Materials and Methods

We conducted a retrospective cohort study at King
Abdulaziz Medical City (KAMC), a tertiary center in
Riyadh, KSA between January 2016 and December 2022.

We included all patients with diabetes with ankle fracture
who underwent open reduction and internal fixation and
those who had a documented hemoglobin A1c

(HbA1C) � 6.5% within a 3-month period of the surgery.
Excluded patients were non-diabetics, diabetics without a
documented HbA1c level, and diabetics who were non-

operatively managed for ankle fractures.
We collected the data through the BESTCare system of

KAMC using a data collection sheet that contained the pa-
tients’ demographic profile (age, sex), HgA1c level, type of

fracture, surgical site infection, delayed wound healing,
readmission within 90 days, revision surgery, radiological
outcome, and complications. Regarding the follow-up period

implemented for all patients were 2 weeks, 6 weeks, 3
months, and 6 months.

Data were encoded in Microsoft Excel 2019 (Microsoft,

Redmond, WA, USA). Data were checked for any missing
information, and new variables were recorded and computed
based on the data extracted. Statistical analysis was per-

formed using the Statistical Package for Social Sciences
version 25.0 (IBM-SPSS; Armonk, NY, USA). Frequencies
and percentages were used to detail categorical variables,
whereas continuous variables were examined by the mean

and standard deviation. The Fisher’s exact test and chi-
square test for association between categorical variables
were used to determine the significant difference in the pro-

portion of patients with radiological outcomes and compli-
cations. P < 0.05 was considered statistically significant.

Consent was not required for this retrospective cohort

study, and all data were kept safe. No identification data were
asked for, andprivacy and confidentialitywere assured.Access
to research data was only given to the study group members.

Results

After inclusion and review of collected data, 44 patients

were included in the study: 29 women (65.9%) and 15
(34.1%) men. Mean age was 27.1 � 15.0 years old (15e79

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1: Demographic and clinical characteristics.

Characteristics n (%)

Sex

Male 15 (34.1%)

Female 29 (65.9%)

Fracture type

Bimalleolar 24 (54.6%)

Lateral malleolus 9 (20.5%)

Trimalleolar 8 (18.2%)

Medial malleolus 2 (4.6%)

Posterior malleolus 1 (2.3%)

HbA1c levels

<8% 20 (45.5%)

�8% 24 (54.6%)

Figure 1: Post-operative ank

Figure 2: Radiological outco
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years old). Mean HbA1c was 9.0 � 1.9% (6.5%e13.4%).
Bimalleolar ankle fracture type was the most encountered

(n¼ 24, 54.5%) followed by lateral malleolar fracture (n¼ 9,
20.5%). HgA1c level was �8% in 24 (54.5%) patients.
Table 1 shows the detailed demographics of the patients.

Delayed wound healing was documented in 25 (56.8%)
patients, whereas deep infection at the surgical site, read-
mission within 90 days after surgery, and revision surgery

were each noted in 5 patients (11.4%) (Figure 1). Union was
achieved in the majority of patients (n ¼ 33, 75.0%)
(Figure 2).

Table 2 shows the relationship between radiological

outcome and complications with HbA1c level. A
significantly higher proportion of patients who had <8%
HbA1c level had radiological union compared with
le surgery complications.

me after ankle surgery.



Table 2: Comparison of mean age and proportion of sex, radiological outcome, and complications according to HbA1c levels.

Outcome and complications HbA1c level p values

<8%

n ¼ 20

�8%

n ¼ 24

Age in years, mean � SD 53.7 � 13.6 59.9 � 15.8 0.177

Sex

Male 8 (40.0%) 7 (29.2%) 0.331

Female 12 (60.0%) 17 (70.8%)

Radiological outcomes

Union 18 (90.0%) 15 (62.5%) 0.036

Non-union 0 2 (8.3%) 0.187

Delayed 2 (10.0%) 4 (16.7%) 0.522

Complications

Deep infection (surgical site) 1 (5.0%) 4 (16.7%) 0.226

Delayed wound healing 9 (45.0%) 16 (66.7%) 0.149

Readmission within 90 days 2 (10.0%) 3 (12.5%) 0.795

Revision surgery 2 (10.0%) 3 (12.5%) 0.795

Soft tissue coverage need flap 0 2 (8.3%) 0.187

Ankle fusion 0 1 (4.2%) 0.358

Fixation failure 1 (5.0%) 0 0.267
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patients who had �8% HbA1c level (p ¼ 0.036). There were
more patients who had elevated HbA1c level �8% had non-
union and delayed union (p ¼ 0.187 and p ¼ 0.522, respec-
tively), although it did not reach statistical significance.

Furthermore, patients who had elevated HbA1c level had
more complications observed although it did not reach sta-
tistical significance (p > 0.05). There was no significant dif-

ference in the mean age between patients who had elevated
HbA1c and those who had <8% HbA1c level (p ¼ 0.177),
and no significant correlation was found between age and

HbA1c level (r ¼ 0.194, p ¼ 0.208).
The 33 patients who reached union were significantly

younger than those who had complications (54.2 � 16.1 vs.
65.7 � 5.4 years; p ¼ 0.025). A significantly higher propor-

tion of patients with HbA1c < 8% reached union compared
to those who had elevated HbA1c (p ¼ 0.036). Multivariate
linear regression analysis showed that age and HbA1c level

were the significant factors for reaching union and having a
successful ankle surgery (odds ratio [OR]: 0.915, 95% con-
fidence interval [CI]: 0.842e0.994, p ¼ 0.035 and OR: 0.185,

95% CI: 0.035e0.992, p ¼ 0.049), whereas sex (OR: 2.925,
95% CI: 0.543e15.754; p ¼ 0.212) and fracture type (OR:
0.625, 95% CI: 0.329e1.192; p ¼ 0.153) were not significant.

Discussion

The investigation of postoperative outcomes and com-

plications among patients who were surgically managed us-
ing HbA1c level as a predictor value in this study revealed
several findings that are worth discussing. In this study,

bimalleolar ankle fracture type was the most encountered
(54.5%). Bimalleolar fracture of the ankle among diabetics
was reported in 17 patients with complicated DM after a

failed open reduction and internal fixation.5 When the lateral
and medial malleoli at the distal extremities of the tibia and
fibula are fractured, it results in a bimalleolar ankle fracture.
When diabetes is undetected and people develop diabetic
neuropathy, bimalleolar ankle fractures commonly occur.16

Ischemic lesions of the toes may develop in patients with
bimalleolar ankle fractures and may lead to below-the-knee
amputation or even death when these patients also have

infection, osteomyelitis, or other co-existing medical prob-
lems.16e18 Elderly patients who have undiagnosed or poorly
controlled diabetes and osteoporosis have higher risks to

sustain bimalleolar, lateral, or medial malleoli ankle
fractures.19e21

In this study, we found that more than half of the patients

had elevated HbA1c levels �8%, resulting in a greater pro-
portion of delayed wound healing and deep infection at the
surgical site, leading to readmission within 90 days after
surgery. Impaired wound healing among diabetics is caused

by impaired circulation and uncontrolled and excessive
inflammation, making it more difficult for oxygen delivery to
the tissues as well as affecting the delivery of nutrients to the

wounds, apart from diabetic nephropathy, which also affect
wound healing.22 Furthermore, the role of cytokines and
chemokines in the wound healing process among diabetics

are also defective and thought to play a major role in the
wound healing process.23

Radiological union of fractures usually takes place by 6e
12 weeks on average.24 However, fracture healing and union
depend on intact circulation, internal fixation/
immobilization, and absence of infection.24 When fracture
healing takes longer, it is delayed or may even result in a

non-union or permanent damage, which is common among
the elderly, as well as individuals with poor nutritional status
and metabolic disease such as diabetes.24,25 Therefore, it is

essential that blood glucose be monitored and controlled in
order for proper fracture wound healing to occur,
particularly in patients with diabetes.26

Poor outcomes (higher incidence of non-union and greater
complication rates) were observed among patients with high
HbA1c, suggesting that there is a relationship between HbA1c

and treatment outcome.This study convincinglydemonstrated
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a relationship between HbA1c level and treatment outcome.27

It suggests that people with elevated HbA1c level are

significantly more likely to have poor treatment outcomes.
To explain these findings, we hypothesized that individuals
with increased HbA1c are more likely to have experienced

pathological alterations in the extremities as a result of
prolonged glycemic control failure. The existence of a
statistically significant correlation between high HbA1c levels

and unsuccessful treatment outcomes further supports this
argument. Our findings also suggest that by using blood
HbA1c levels as a predictive marker in the follow-up of pa-
tientswhohaveundergoneankle fracture surgery, patientswith

diabetes who aremore likely to experience treatment problems
may be better recognized. On the other hand, doctors treating
diabetes patients should be aware of the potential for problems

and a subpar recovery following ankle fracture surgery,
including delayed union in 10% of our cases and delayed
wound healing in 45% of our cases with a HbA1c level of 8%.

Regarding the limitations we faced, it is challenging to
draw firm conclusions about the level of influence that
HbA1c level has on ankle fracture healing in diabetics due to
the retrospective character of this study and the small sample

size used. In addition, we were unable to account for addi-
tional predictors besides HbA1c that might affect the results
and side effects of ankle fracture surgery.

Conclusion

Poor postoperative outcomes (radiological non-union
and delayed union of fracture) and complications (in-
fections and delayed wound healing) are more common

among patients with elevated HbA1c. This suggests that an
elevated HbA1c level is associated with a poor treatment
outcome. Among patients with diabetes who undergo ankle

fracture surgery, there is a need to be aware of unrecognized
diabetes, as well as patients with diabetes with uncontrolled
blood sugar levels. Determination of HbA1c levels may
predict potential problems post ankle fracture surgery and

improve management outcomes.
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