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Excess osteoclast activity is believed to be responsible for the early bone changes associated
with Charcot neuroarthropathy in diabetes mellitus. Markers of osteoclast and osteoblast
activity were measured in four groups of patients: 16 with an acute Charcot foot, 16 with
a chronic Charcot foot, 10 diabetic controls, and 10 non-diabetic controls. Serum
carboxyterminal telopeptide of type 1 collagen (1CTP), a marker of osteoclastic bone
resorption, was significantly raised in the dorsal venous arch of the acute Charcot foot,
6.1 ± 1.5 mg l−1 (mean ± SD) compared with the chronic Charcot foot 4.1 ± 1.4, diabetic
controls 3.3 ± 1.4, and non-diabetic controls 2.8 ± 1.4, p , 0.0001. This local increase in
1CTP was also reflected systemically in a study subgroup of 6 patients with acute Charcot
neuroarthropathy, in whom peripheral antecubital vein 1CTP was 9.2 ± 2.6 compared
with 9.0 ± 3.1 in the foot. In 6 chronic Charcot neuroarthropathy patients, foot (3.8 ± 1.3)
and systemic (4.0 ± 1.5) 1CTP values were similar. Serum procollagen carboxyterminal
propeptide (P1CP), an indicator of osteoblastic bone formation, was not significantly
different between the feet of patients with acute Charcot neuroarthropathy 112 ± 1.5 mg l−1,
patients with chronic Charcot neuroarthropathy 109 ± 1.5 mg l−1, diabetic controls
93.5 ± 2.3 mg l−1, and non-diabetic controls 90.1 ± 1.5 mg l−1. These results suggest that
the acute Charcot foot demonstrates excess osteoclastic activity without concomitant
increase in osteoblastic function. This may be important in its pathogenesis.  1997 by
John Wiley & Sons, Ltd.
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leading eventually to osteoclastic bone resorption.8,9Introduction
Type 1 collagen makes up more than 90 % of bone

matrix. The pyridinoline cross-linked carboxy-terminalThe development and progression of Charcot neuroarthro-
pathy can be a devastating consequence of diabetes. telopeptide domain of type 1 collagen (1CTP) is released

during collagen degradation.10 Serum concentrationsBone deformity associated with extreme cases may lead
ultimately to amputation. Recent evidence suggests that correlate with osteoclast activity and bone resorption rates

measured either histomorphometrically or by calciumearly features may be found in 3% of people with
diabetes.1,2 The pathogenesis however remains unclear. kinetic studies.11–13 The carboxy-terminal propeptide of

type 1 collagen (P1CP)14,15 is released by specificOne proposed mechanism3–5 is that repeated trauma in
an insensitive joint leads to intracapsular effusions, endoprotease cleavage from the precursor molecule

procollagen, which is synthesized by osteoblasts. P1CPligamentous laxity, and joint instability, with resultant
bone and articular surface damage. This almost certainly is a validated marker of bone formation and osteoblast

function.11,13,16,17occurs in association with neurovascular abnormalities,6

where neuropathy, including autonomic dysfunction, To investigate if excessive osteoclast activity is a
feature of early Charcot neuroarthropathy, we measuredproduces an exaggerated vasodilatory response, with

increased blood flow7 and arterio-venous shunting, foot venous levels of 1CTP and P1CP in Charcot patients
with acute and chronic disease. Local (foot) and systemic
concentrations of both markers were assayed simul-* Correspondence to: Dr Andrew Gough, Diabetes Centre, Birmingham

Heartlands Hospital, Bordesley Green East, Birmingham B9 5SS, UK. taneously in a study subgroup, to evaluate any potential
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role for 1CTP and P1CP for monitoring disease activity samples from the antecubital vein. Normal ranges were

1CTP 1.7–5.0 mg l−1, P1CP , 150 mg l−1. Blood was keptand the effects of treatment.
for measurement of serum creatinine (analysed on a
SMAC Analyser, Technicon Ltd, Basingstoke, UK; normalPatients and Methods
, 120 mmol l−1), alkaline phosphatase (normal range 30–
120 IU l−1), and glycated haemoglobin (HbA1c) by HPLCWe studied four groups, patients with an acute Charcot

foot (n = 16), those with chronic disease (n = 16), controls (Primus CLC 330TM), non-diabetic range 4–6 %. Dipstick
urinalysis was performed using Albustix (Bayer Diagnos-with diabetes (n = 10), and non-diabetic controls (n = 10).

Clinical characteristics are summarized in Table 1. tics, Basingstoke, UK) on random samples; proteinuria
was deemed present if one + or greater was detectedCharcot patients were recruited from the Diabetic Foot

Clinic, controls with diabetes from the General Diabetic on three occasions.
The study was approved by the local Ethics ReviewClinic, and control subjects without diabetes from staff

at the same hospital. Individuals with a coexisting illness Committee.
or on medication likely to affect bone/calcium metabolism
were excluded. Insulin-dependent (Type 1) diabetes Statistical Analysis
mellitus (IDDM) was defined as onset at less than 30
years of age and insulin treatment within 1 year Data not normally distributed were logarithmically trans-

formed prior to analysis. Statistical comparisons betweenof diagnosis.
Criteria for acute Charcot neuroarthropathy were: the groups were performed by One-Way ANOVA for

multiple comparisons, and are expressed as the mean ±typical clinical features of a swollen, erythematous foot;
. 2 °C temperature difference between affected and non- standard deviation (SD) or the geometric mean if log-

transformed. Simultaneous values from foot and armaffected foot, measured using a Mikron infra-red
thermometer (Mikron Instrument Company Inc., Wyckoff, were compared with paired t-tests. Fisher’s Exact test

was used for categorical variables and correlationsNew Jersey, USA) (under normal circumstances foot
temperatures should not differ by more than 2 °C18); performed using Pearson’s linear correlation coefficient

on log-transformed data. Results were considered signifi-and increased bone isotope uptake on three phase
99mtechnetium methylenediphosphonate scintigraphy.19 cant with p , 0.05.
Osteomyelitis, if suspected, was excluded as far as
possible with gallium-67 or indium-111 labelled white Results
cell studies20,21 or magnetic resonance imaging (MRI).22,23

Patients with osteomyelitis were not included. Baseline clinical characteristics are shown in Table 1
and were comparable in all four groups. There wereDiagnosis of chronic Charcot neuroarthropathy was

based on the presence of characteristic bone destruction, more females among the chronic patients, although this
was not significant, chronic vs acute (p = 0.223), diabeticfragmentation, and disorganized joint architecture on

plain radiographs of the foot, that had remained controls (p = 0.387), non-diabetic controls (p = 0.387).
Importantly, the number of post-menopausal women wasunchanged over 6 months. This was associated with no

foot temperature difference. similar in all groups (n = 3, 4, 2, 2 for acute, chronic,
diabetic, and non-diabetic, respectively). Median (range)Blood for 1CTP and P1CP assays was collected with

venous stasis and determined using radioimmunoassay duration for acute Charcot neuroarthropathy was 32
(15–252) days compared to 730 (328–1825) days for(RIA) kits (Orion Diagnostica, Finland). Local samples

were drawn from the dorsal vein of the foot and systemic chronic disease.

Table 1. Clinical details of patients and controls

Non-diabetic controls Diabetic controls (n = 10) Acute Charcot Chronic Charcot
(n = 10) neuroarthropathy (n = 16) neuroarthropathy (n = 16)

Age (yr) 53.7 ± 12.1 55.2 ± 12.4 52.6 ± 9.8 54.8 ± 12.1
Sex 7M/3F 7M/3F 12M/4F 9M/7F
IDDM – 3 6 4
Insulin treated – 6 10 8
Duration diabetes (yr) – 19.1 ± 9.9 18.2 ± 11.6 18.3 ± 11.6
HbA1c – 9.4 ± 1.9 9.0 ± 1.9 9.6 ± 2.3
BMIa (kg m−2) 27.4 ± 6.3 27.0 ± 5.3 28.7 ± 7.2 29.7 ± 6.1
Creatinine (mmol l−1) 78.2 ± 27.0 83.7 ± 24.9 80.9 ± 32.0 76.0 ± 34.3
% with proteinuria – 40 37.5 43.7

Results as mean ±SD.
aBody mass index: weight in kg divided by height in m2.
No significant difference between any group.
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Table 2. Localized foot levels of osteoclast (1CTP) and osteoblast (P1CP) markers and alkaline phosphatase in Charcot patients
and controls

Non-diabetic Diabetic controls Acute Charcot Chronic Charcot p value
controls (n = 10) (n = 10) neuroarthropathy neuroarthropathy

(n = 16) (n = 16)

1CTP (mg l−1) 2.8 ± 1.4 3.3 ± 1.4 6.1 ± 1.5 4.1 ± 1.4 ,0.0001
P1CP (mg l−1) 90.1 ± 1.5 93.5 ± 2.3 112 ± 1.5 109 ± 1.5 0.767
Alkaline phosphatase 50.8 ± 1.2 66.7 ± 1.5 78.7 ± 1.4 92.5 ± 1.4 0.032
(IU l−1)

Results as geometric mean ± SD.

1CTP differed significantly between the four groups, stages of Charcot neuroarthropathy. Serial assays of 1CTP
may provide a useful means of monitoring diseasep , 0.0001, Table 2. The acute patients had significantly

higher values than the chronic, p = 0.013. P1CP levels activity, especially as systemically measured values seem
to correspond to localized levels within the foot. Certainlyshowed no significant differences amongst the groups

studied, p = 0.767, Table 2. Alkaline phosphatase also in other disease states with significant bone pathology,
such as post-menopausal osteoporosis,24 hyper-differed between groups, p = 0.032, although there was

no difference between groups with acute and chronic thyroidism,8,24 primary hyperparathyroidism,25 multiple
myeloma,26 and prostatic carcinoma27 the levels of 1CTPCharcot disease.

In the study subgroup of 12 patients in whom correlate with clinical condition and prognosis. In Paget’s
disease, levels have been used to follow the effect ofsimultaneous samples were taken from the foot and

antecubital vein (Table 3), there was significant corre- treatment with bisphosphonates.28

It is possible that elevated 1CTP is a consequence oflation between local (foot) and systemic levels of both
1CTP and P1CP, in both acute and chronic patients; an acute phase reaction. However, in conditions with

marked inflammatory reactions such as active rheumatoid1CTP: acute (r = 0.986, p , 0.001), chronic (r = 0.945,
p , 0.001) and P1CP: acute (r = 0.889, p , 0.001), arthritis, 1CTP shows strongest correlations to the pres-

ence of destructive joint disease29 and only weakerchronic (r = 0.878, p , 0.001).
No correlation between 1CTP and P1CP was found associations with other inflammatory markers of disease

activity such as erythrocyte sedimentation rate (ESR) andfor any group studied. Similarly no significant relationship
was found between either bone marker and age, BMI, C-reactive protein (C-RP), suggesting it reflects bone and

tissue destruction, more than the acute phase response.HbA1c, presence of proteinuria, creatinine, and duration
of diabetes in any patient group. P1CP levels did correlate As 1CTP is excreted by the kidneys,10 circulating 1CTP

levels may be raised once glomerular filtration rate (GFR)with alkaline phosphatase activity in acute (r = 0.565,
p , 0.05) and chronic (r = 0.633, p , 0.02) patients but is reduced to less than two-thirds of normal.10 Therefore

care is needed in interpreting results in the presence ofnot in controls with diabetes (r = 0.192, p .0.5) or those
without (r = 0.231, p . 0.5). renal impairment, which itself may cause elevation via

renal osteodystrophy.30 No patient in this study had
abnormal renal function as measured by serum creatinine,Discussion
although patients with proteinuria were included. Pro-
teinuria itself, certainly of nephrotic proportions, in theIn this study, measurement of 1CTP, a marker of collagen

degradation, supports the idea that excessive osteoclast presence of normal renal function does not seem to
be significantly associated with bone disease31,32 andactivity and bone resorption is a feature of the early

Table 3. Localized (foot) and systemic 1CTP and P1CP values in acute and chronic
Charcot patients

Acute Charcot neuroarthropathy Chronic Charcot neuroarthropathy
(n = 6) (n = 6)

Foot Systemic p value Foot Systemic p value

1CTP 9.0 ± 3.1 9.2 ± 2.6 . 0.5 3.8 ± 1.3 4.0 ± 1.5 . 0.5
(mg l−1)
P1CP 94 ± 16 91 ± 18 . 0.5 97 ± 15 92 ± 18 . 0.5
(mg l−1)

Results as mean ± SD.
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therefore should not affect 1CTP levels. However, one of 1CTP were raised in acute Charcot neuroarthropathy

patients. These patients had no clinical evidence ofstudy has shown raised urinary hydroxyproline excretion
in diabetic patients with microalbuminuria, reflecting generalized bone disease to account for the systemic

rise, and we therefore conclude that the foot and systemicchanges in type 1 collagen metabolism similar to 1CTP.33

Interestingly, excretion rates were not increased in levels are both related to the Charcot foot. This may be
of practical importance in that routine arm venepuncturefrank proteinuria (albumin excretion rate, AER,

. 150 mg min−1).33 Other studies however have failed to may be sufficient to follow disease activity.
In conclusion our data with 1CTP and P1CP suggestdemonstrate a relationship between increased hydroxyp-

roline excretion and microalbuminuria or established that the acute Charcot foot demonstrates excess bone
matrix resorption as a result of increased osteoclasticproteinuria.34 We found no statistical correlation between

the presence of proteinuria and 1CTP levels. However activity, without concomitant increase in osteoblast
synthetic function. Therefore bone resorption and forma-it is likely that using Albustix urinalysis the majority

of our patients who were positive had an tion which are normally ‘coupled’, to maintain the
integrity of the skeleton, have become ‘uncoupled’. ThisAER . 150 mg min−1 and therefore our results with 1CTP

only confirm previous observations of no relationship may be important in the pathogenesis of diabetic
Charcot neuroarthropathy.between albuminuria and excess collagen metabolism.34

Any potential effects on serum 1CTP levels from hyper-
filtration associated with undetected early renal disease
or which may be present in non-insulin-dependent Referencesdiabetes35,36 remain unknown. P1CP is degraded by
binding to mannose receptors within the reticuloendothel- 1. Cavanagh PR, Young MJ, Adams JE, Vickers KL, Boulton
ial system of the liver.37,38 All patients participating in AJM. Bony abnormalities in the feet of neuropathic

diabetic patients (oral presentation). In: Bakker K, ed.this study had normal hepatic function. P1CP is less
The Diabetic Foot: First International Symposium andaffected by renal insufficiency39 and is not filtered by
Workshop. Amsterdam: Excerpta Medica, 1991: 5.the glomerulus40 and indeed was not related to proteinuria
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