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With about 12% of orthopaedic patients being 
 diabetic and a large proportion of them being obese 
as well, orthopaedic surgeons are commonly involved 
in managing diabetic patients in both outpatient and 
 inpatient setting. This review summarizes current 
concepts in diabetes management including specific 
orthopaedic issues and future directions of diabetes 
management.
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INTRODUCTION

The estimated global prevalence of diabetes in 
2011 was 366 million ; it was expected to rise to 
552 million by 2030. It is estimated that more than 
1 in 20 in the United Kingdom suffer from diabetes 
(diagnosed and undiagnosed). In 2011, there were 
2.9 million diagnosed with diabetes in UK ; .the av-
erage prevalence in UK is 4.45%. Ten percent of 
adults with diabetes have Type 1 diabetes and 90% 
have Type 2. Apart from genetic and ethnic factors, 
obesity appears to be the most potent risk factor for 
diabetes. It accounts for 80-85% risk of developing 
Type 2 diabetes and appears to be responsible for 
the global epidemic. Almost two in every three peo-
ple in the UK are estimated to be obese. Individuals 
with diabetes account for 15-16% of deaths in Eng-
land. The direct and indirect costs associated with 
diabetes management in UK currently stands at 
£23.7 billion per annum (3).

Musculoskeletal conditions account for around 
12% of all general practitioner consultations in the 
UK (15). Diabetic patients have a much higher prev-
alence of musculoskeletal problems ; a study 
showed as much as 82% in a pilot cohort of 208 
Type 2 diabetic patients (5).

Orthopaedic problems in diabetic patients

Diabetic patients may present with any orthopae-
dic condition or trauma or with infections. Preva-
lence of diabetes in elective orthopaedic setting 
such as joint replacement was found to be around 
12% in a group of 874 patients (28) and average 
BMI (Body Mass Index) of these patients was over 
30. These patients have been shown to have signifi-
cantly increased risk of complications such as surgi-
cal site infections in a retrospective study of 7181 
primary arthroplasties (14). Obese diabetic patients 
were found to have the highest risk of developing 
deep infection in a prospective study of 1214 con-
secutive knee replacements (6).
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Diabetes mellitus adversely affects the skeleton 
and increases risk of osteoporosis and fragility frac-
tures. The mechanisms underlying low bone 
strength are not fully understood but may be due to 
low peak bone mass attained and the effect of 
 diabetic complications, such as nephropathy (12). 
Patients with Type 2 Diabetes have increased frac-
ture risk either inherent or as a result of their medi-
cations and their effect on bone mass (11). Review 
articles on diabetic ankle fractures quote a much 
higher rate of complications compared to similar 
fractures in non-diabetics and the risk increases in 
patients with co-existing neuropathy (1). Life time 
risk of diabetic patients developing a foot ulcer is as 
high as 25% (25) thereby putting them in potential 
danger of an amputation. Peripheral neuropathy 
 affects between 30-50% of people with diabetes and 
increases risk of heel ulceration, particularly if 
 peripheral vascular disease is also present (10). 

Diabetes leads to increased morbidity and in-
creased length of stay, thereby increasing inpatient 
costs. Optimal management of diabetes in surgical 
patient seems to play an important role in both pre-
venting complications and reducing costs associat-
ed with treatment.

Diabetes and Trauma

Trauma is known to cause hyperglycaemia (16) 
by stress induced catabolic hormone secretion. 
Stress induced hyperglycaemia has been shown to 
increase mortality risk in trauma patients to an 
 extent greater than in diabetics with hyperglycaemia 
in a study involving 5117 trauma patients (16). Early 
hyperglycaemia with glucose levels greater than 
200 mg/dL has been shown to be highly predictive 
of higher infection and mortality rates in 516 trauma 
patients admitted to intensive care unit, independent 
of other injury characteristics, confirming need for 
tight control of blood glucose levels (17). Intensive 
insulin therapy is widely practiced to achieve tight 
glycaemic control in critically ill trauma patients 
with diabetes (and with stress induced hyperglycae-
mia) to improve outcome even though comparative 
studies show no evidence to suggest that it decreas-
es mortality (26).

Management of Diabetes during surgery

Glycaemic control has a significant impact on the 
risk of post-operative infection. As much as 25% 
diabetic surgical patients experience a hypoglycae-
mic episode (22). Diabetic ketoacidosis is an avoid-
able complication in the post-surgical patient. 

Factors leading to adverse outcome in diabetic 
surgical patients include failure to identify or 
 diagnose, non-adherence to existing guidelines, 
lack of knowledge among staff and prescribing 
 errors (22).

With increasing prevalence of diabetes in  surgical 
patients, the challenges faced also include higher 
proportion of associated co-morbidities, prolonged 
length of stay, increasing patient demands. 

Surgery causes metabolic stress and catabolic 
hormone secretion induces transient hyperglycae-
mia. Starvation adds to this metabolic stress. Post 
operatively there is a period of insulin resistance 
causing a period of functional insulin insufficiency. 
Diabetic patients are unable to respond to this 
 increased demand for insulin. Even in the absence 
of diabetes, transient hyperglycaemia in the peri-
operative period has been shown to be an important 
risk factor in post-operative infection in a retro-
spective comparative study of 790 orthopaedic 
 patients (24).

Management of diabetes in peri-operative period 
includes management at pre-operative assessment, 
at the time of surgery, post-operative care and after 
discharge. 

Diabetes management is largely carried out in 
primary care setting and optimal management of 
diabetes is important before considering elective 
surgery. Along with maintaining an optimal HbA1c 
level, management of related co-morbidities and 
identification of diabetic complications are equally 
important.

Early referral to diabetic specialist team should 
be considered in any patient in whom diabetes 
 control is found to be suboptimal during pre-opera-
tive assessment. High risk patients such as ones 
with poor glycaemic control or associated compli-
cations should be identified early. An individualized 
dia betes management plan is recommended for each 
patient. Prolonged starvation is to be avoided  
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and ideally patients should not be on an evening 
list (2). 

Variable rate intravenous insulin infusion (VRIII 
– previously known as sliding scale) may be avoid-
ed in patients who are likely to starve only for short 
periods such as one missed meal. Blood sugar 
should be checked regularly especially when the 
 patient is sleeping or under sedation so that hypo-
glycaemia does not go undetected. The aim is to 
maintain capillary blood glucose level between 
6-10 mmol/L. Local guidelines should be adhered 
to regarding peri-operative diabetes management 
and the diabetes team should be consulted when in 
doubt. Fluid management is equally important espe-
cially when the patient is on VRIII and the aim is to 
maintain glucose and electrolytes along with intra-
vascular volume. Most patients who undergo emer-
gency surgery such as trauma patients are likely to 
need VRIII peri-operatively followed by subcutane-
ous insulin during the post-operative period to 
 ensure prompt glycaemic control. Insulin has been 
labelled as one of the highest risk medications in the 
inpatient setting (13). Safe prescribing and adminis-
tering practices should be followed in order to re-
duce this risk.

During surgery along with ensuring glycaemic, 
electrolyte and fluid balance, attention should be 
paid to avoiding pressure damage to feet. Blood 
glucose should be monitored at least hourly and 
maintained at 6-10 mmol/L. If glucose level is not 
stable, it may need to be monitored more frequently. 
VRIII is to be considered only if blood glucose 
 cannot be maintained below 12 mml/L with regular 
insulin. Use of anaesthetic techniques to reduce 
post-operative nausea and vomiting is encouraged 
so that early return to normal diet and normal diabe-
tes treatment can be facilitated. Regional and local 
anaesthetic techniques help in achieving this. In the 
post-operative period an early return to normal diet 
and diabetes self-management by patient are 
 encouraged. Special care should be taken of feet 
during the recovery period, especially when  regional 
anaesthetic techniques have been used and the 
 patient is unable to move. Discharge planning 
should include considerations to factors such as 
 patients social and care setting and ability to self-
manage diabetes while at their usual residence. A 

blood glucose monitoring and treatment plan should 
be agreed to before safe discharge (2).

Infections

Diabetic foot infections usually start as super-
ficial skin ulceration (18). In 25% of these, infection 
may spread to deeper tissues or to bone. Ten to 
 thirty percent of patients with a foot ulcer  eventually 
end up with an amputation (8). Impaired immuno-
logic disturbances which predispose diabetics to 
foot infections may be correlated with poor 
 glycaemic control (18). Vascular insufficiency and 
peripheral neuropathy lead to poor healing of 
 diabetic foot ulcers, rendering them vulnerable to 
spreading to deeper structures. Acute infections 
may be caused by aerobic Gram positive cocci but 
chronic infections have mixed flora, thereby making 
accurate microbiological diagnosis and antibiotic 
management difficult. Sample taken by curettage 
from the base of the ulcer has been shown to give 
more reliable diagnosis than a simple wound swab 
in a study of 54 patients (21). Along with Staphylo-
coccus aureus, Gram negative bacilli and anaerobes 
are frequently isolated from the deep tissue samples. 
Antibiotic-resistant organisms, such as methicillin-
resistant S. Aureus, are frequently isolated from 
 patients who have previously received antibiotic 
therapy especially after repeated hospitalizations. 

Clinical picture may be misleading and may not 
show signs of sepsis in long standing infections. 
 Inflammatory markers such as CRP (C Reactive 
Protein) have been found to be more reliable than 
clinical picture in monitoring diabetic foot infec-
tions in prospective studies (7). Osteomyelitis may 
be looked for clinically by bone probing but this has 
been shown to have poor inter-observer reliability 
in a cross-sectional study of 75 patients with  diabetic 
foot ulcer (9). MRI (Magnetic Resonance Imaging) 
appears to be the currently accepted investigation of 
choice in detecting osteomyelitis in comparison 
with conventional radiographs, bone scan or 
 leukoscans (4). Diabetic feet should be managed by 
multi-disciplinary teams including surgeons, dia-
betic specialists, podiatrists, physiotherapists and 
nurses. This has been shown to influence the overall 
outcome such as reducing major amputations (31).
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loss in obese Type 2 diabetics ; thereby reducing 
their risk of complications following orthopaedic 
interventions.

CONClUsIONs

Diabetic patients have a high prevalence of or-
thopaedic problems and also have increased risk of 
complications following orthopaedic interventions. 
Identification of patients at risk is vital in preventing 
these complications. Careful management of blood 
glucose level is warranted during any surgical pro-
cedure and advice may be sought from Diabetic 
specialist team if necessary. Diabetic patients are at 
risk of osteoporosis and careful monitoring of bone 
mineral density and avoidance of drugs such as 
 Thiazolidinediones may help in prevention of frac-
tures in this vulnerable group.
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min and sulphonylureas may counter the harmful 
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shown to reduce risk of fractures in randomised 
controlled trials (20). These may also help in weight 
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