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Topical CGP accelerates TKA wound healing

ABSTRACT
Rapid wound healing is associated with improved surgical outcomes. While therapies to
increase wound healing have been pursued in both laboratory and clinical studies, current
standards of care include no pharmacologic agents that improve wound healing. The present
study tested the hypothesis that topically applied calcium glycerophosphate would improve
surgical wound healing following bilateral knee replacement. Twenty otherwise healthy subjects
scheduled for bilateral total knee arthroplasty completed this study; for each patient, one knee
was randomly assigned to the treatment group, while the contralateral knee was designated
control. The subjects were instructed to apply a preparation of 10% calcium glycerophosphate in
an aqueous lotion to the treated knee once daily for 42 days, starting at the 3rd post-operative
day. Functional sealing and cosmetic appearance of the incision were evaluated from
photographs by expert graders, who scored the intensity and extent of erythema along the
incision and over the entire knee, the appearance of visible edema along the incision and over the
knee, and the global impression of wound healing. Both the area and intensity of erythema along
the incision were significantly reduced in the treated vs. untreated knee. Treatment significantly
reduced edema, both along the incision and globally, across the entire knee. The differences
were most marked at the 7th post-operative day and diminished with time. No adverse effects
were observed for any patient, in either treated or untreated knees. These data demonstrate that
post-operative application of 10% calcium glycerophosphate improves surgical wound healing
following total knee arthroplasty.

2

Topical CGP accelerates TKA wound healing

INTRODUCTION:
Rapid wound healing is associated with improved outcomes following orthopedic
surgeries, including reduced incidence of surgical site infection (SSI), reduced scarring and
improved range of motion. Therapies to increase the speed of wound healing have been pursued
in both laboratory and clinical studies, yet current standards of care include no agents, topical or
systemic, that increase the rate of post-operative wound healing and/or diminish long term
scarring.
Slow wound healing is correlated with SSI 1 and significantly increased mortality risk 2,3.
Case record analysis suggests that total knee arthroplasty (TKA) has the highest rate of SSI of
five common orthopedic procedures 4. Infection is associated with athrofibrosis and consequent
limited range of motion 5.
Surface scarring is associated with pain on movement 6,7 and is a significant factor
associated with a patient’s perceived ability to kneel following TKA 8. Cosmetic considerations
9

aside, hypertrophic scarring and keloid formation are factors restricting range of motion

following surgery 10, and have a negative impact on quality of life.
There is a significant body of literature showing that wound healing is a calcium
dependent process 11. In vitro, calcium stimulates keratinocyte differentiation 12, by stimulating
sphingosine kinase 13-19 and protein kinases (Filvaroff et al, 199020-24. These activate several
transcription factors 25, stimulating angiogenesis and upregulating expression of cell-cell
adhesion proteins 26. Ultimately, these processes recruit tissue fibroblasts to repair, stimulate
endothelial progenitor cells to vascularize and stimulate keratinocytes to re-epithelialize the
wound.
The study reported here tested the hypothesis that topical application of calcium, in the
form of calcium glycerophosphate (CGP), would speed wound healing. It is obvious that CGP
can supply calcium to stimulate kinases. Less obviously, glycerophosphate is a phosphatase
inhibitor 27,28. The activity of the kinases is limited by phosphatase-mediated removal of
phosphate groups from protein or lipid targets. Thus, we speculated that, by simultaneously
3
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stimulating kinases and inhibiting phosphatases, CGP would speed surgical wound healing, and
perhaps improve long-term cosmetic effects.
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METHODS:
Treatment Protocol: Prior to initiation of the study, the proposed protocol, informed
consent form and product information were approved by the Bacharach Institute for
Rehabilitation Institutional Review Board. The protocol is registered as study NCT01264588
with www.ClinTrials.gov. The treatment schedule is detailed in Table 1.
Subjects: The CONSORT flowchart for patient eligibility, enrollment and retention is
shown in Figure 1. Subjects meeting the inclusion/exclusion criteria (Table 2) were enrolled
sequentially from a pool of candidates scheduled for bilateral knee replacement surgery. One
week prior to surgery (visit 1), the study obligations and risks were explained and informed
consent was obtained from each subject. Subjects were assigned by 1:1 randomization to apply
the study product formulation topically once daily to either the left or right knee incision as
assigned. The contralateral knee incision served as the control group. Baseline assessments were
made at visit 2 (3rd post-operative day), prior to treatment.
Randomization: The sponsor prepared blinded treatment kits containing 42 pre-measured
doses of the CGP preparation, application instructions, a treatment diary, and the subject’s
randomization assignment - RIGHT or LEFT. The blinded kits were dispensed by the clinical
research coordinator in numerical sequence to subjects, who were also in numerical sequence.
Kits were prepared in blocks of 4, each block comprising two designated LEFT, and two
designated RIGHT. Until the kit box was opened by the clinical research coordinator in the
patient’s presence, the instructions as to leg assignment could not be read. Thus, the sponsor did
not know which patient would receive which kit, and the surgeon did not know whether a
particular kit had been designated RIGHT or LEFT.
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Calcium glycerophosphate: CGP was prepared as a 10 % suspension (by weight) in an
aqueous lotion base consisting of DL lactic acid (1.95%), cellulose gum (2.5%), glycerin (1%),
methylparaben (0.2%), and water (84.35%). The study sponsor prepared and supplied all
treatment kits.
Methods: Institutional wound care guidelines alone (CONTROL) were the standard of
care against which CGP treatment was measured. That standard was to clean the wound site with
normal saline daily. If so ordered, once the product was dry, both wounds could be covered with
a Combine ABD pad held in place with TubiGrip™. The use of povidone-iodine (Betadyne®)
on either wound was specifically avoided. Guidelines for TKA were modified to include
application of topical CGP (ACTIVE) to the assigned knee. There were no standard alternatives.
At visit 2, each subject was provided with a treatment kit as described above. The
subjects were instructed to apply the CGP preparation once daily to the experimental knee only,
then to record the date and time of application on the kit diary form. The importance of proper
application methods and frequency of application were explained, emphasizing that: 1) no
products other than those provided were to be applied; 2) neither incision was to be tampered
with in any way during the study period; and 3) contact between the treatment and control wound
sites was to be avoided. Treatment continued daily for 42 days (6 weeks). Subjects were
followed for an additional 46 weeks for a total study duration of 12 months. Patient compliance
was verified at each study visit by examining the kits for unused medication.
Wound Evaluation: Digital photographs as objective measurements were made as per
schedule (Table 1) by the clinical research coordinator in charge of the study, using a camera
supplied by the sponsor. The photographs were coded with the patient number and did not
indicate which was the treated knee. An orthopedic surgeon and a plastic surgery clinical
provider, evaluated the differences between left and right knees, both by direct examination of
the patient and from the photographs. In addition, two expert skin graders evaluated the
differences between left and right knees from the photographs only. The evaluators (clinical
providers and expert graders alike) were blinded as to which knee was treated.
6
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Functional sealing and cosmetic appearance of the wound were measured by grading the
intensity and extent of erythema along the incision and over the entire knee, the appearance of
visible edema along the incision and over the knee, and the global impression of wound healing.
All grading was recorded as left knee vs. right knee for each patient. The side perceived as
worse was assigned a score of 0, while the side perceived as “better” was assigned a value of 1
(smallest difference) to 4 (greatest difference).
Pain Evaluation: Subjects were asked to rate their pain at the site of incision for each
knee, using a scale of 0 (no pain) to 10 (excruciating pain). The pain evaluations were recorded
on a pain diary sheet provided with the treatment kit.
Range of Motion: Range of motion (both flexion and extension) was evaluated by
standard goniometric methods, as per the schedule shown in Table 1.
Statistics: Results were tabulated and analyzed by two-way analysis of variance using
the Prism 5.0b software package. Assuming an independent two-sample t-test, our sample size
of 20 subjects will provide at least 80% power to detect a medium to large effect size for a twosided test of significance at a critical level of p = 0.05. All tests were against a two-sided
alternative. Dropouts in this trial were sequentially replaced to maintain the power of the study.
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RESULTS:
There were no surgical site infections in any patient, in either the treated or untreated
knee.
Of the 40 patients assessed for eligibility, 20 completed the study. The first 15 patients
enrolled were supplied product in a squeeze bottle. Compliance was evaluated at visit 5 by
weighing the unused product. It was determined that 11 of these 15 patients were noncompliant. The study was placed on hold while the product packaging was changed to unit-dose
format; subsequent patients were supplied only with unit dose product. There was 100%
compliance with the new dispensing format. None of the photographs of the dropped patients
were evaluated at any time for differences between treated and untreated knees. The final patient
population is described in Table 3.
Wound healing and scar formation were photographically documented, as described in
Methods. The results of a single representative patient at post-operative days 14 and 70
(corresponding to visits 4 and 6) are shown in Figure 2. By post-operative day 14 treatment had
been applied for 10 days and by post-operative day 70 the 6 weeks of treatment had been
completed. At post-operative day 14, there was a marked difference between the treated and
untreated knees. While the difference had diminished by the 70th post-operative day, there is still
a discernable difference between treated and untreated knees for this patient.
The expert graders’ scores for all patients for erythema, edema and global impression of
wound healing are shown in figures 3 through 5. As shown in figure 3, panels A and C, both the
area and intensity of erythema along the incision were significantly reduced in the treated vs.
untreated knee (overall probability = 0.003). The difference was greatest at visit 3 (7th postoperative day, 4th treatment day) and diminished with time. By the 8th visit (6 months postoperative), the scar appearances of the treated and untreated knees were no longer
distinguishable. While treatment significantly reduced the area (Figure 2, panel B; overall p =
0.0019) and intensity (Figure 2, Panel D; overall p=0.003) of erythema over the entire knee, the
effect was less visually obvious than that observed directly along the incision site.
8
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The treated knees had significantly less edema, both along the incision (Figure 4, panel
A; overall p<0.0001) and globally, across the entire knee (Figure 4, panel B; overall p = 0.002).
As with erythema, the effect was greatest at visit 3, and diminished with time.
The global impression of wound healing was markedly and significantly (overall
p<0.0001) better in the treated vs. the untreated knee (Figure 5). As anticipated, the effect
diminished with time. At visits 3 through 9 the treated knees scored consistently higher than the
untreated. However, at visit 9 the difference between treated and untreated appeared to be
increasing, rather than decreasing.
Patients were asked to evaluate pain at the site of incision using a scale of 0 (no pain) to
10 (extreme pain). Overall, the reported pain levels were low. The mean pre-treatment pain
score (3rd post-operative day) was 1.78 ± 0.64 for the treatment-designated vs. 1.75 ± 0.63 for
the untreated knees (not significant). By visit 3 (7th post-operative day; 4th treatment day), pain
at the site of the incision had declined to 0.88 ± 0.35 in the treated vs. 0.85 ± 0.40 in the
untreated knees (not significant). At no time was there a difference in the pain scores between
the treated and untreated knees. Overall, the mean pain score declined with time, so that by visit
9 no patient reported pain associated with the incision in either knee.
Both flexion and extension were evaluated at the 3rd post-operative day (Visit 2, before
initiation of CGP treatment), the 7th post-operative day (Visit 3, after 4 days of CGP treatment),
at the 6th postoperative week (Visit 5, after 39 days of CGP treatment) and at 6 months and 1
year post-operatively. At visit 2, before treatment, the mean flexion was 66 ± 3.3 degrees for the
knees assigned to the treatment group and 71 ± 2.4 degrees for the contralateral knees. These
values were significantly different from each other (p = 0.046). As shown in figure 6, panel A,
by 6 weeks, the treated knees had gained 40 ± 3.5 degrees of flexion, as compared to 34 ± 3.2
degrees for the contralateral knees (p = 0.016). By 6 months, there was no difference in flexion
between treated and untreated knees.
At baseline, the mean extension was -4.6 ± 1.5 degrees for the knees assigned to the
treatment group, and -4.4 ± 1.6 degrees for the contralateral knee (not significant). By 6 weeks,
9
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the mean extension of the treated knee had improved by 4.4 ± 1.6 degrees as compared to 3.4 ±
1.8 degrees for the untreated knee (Figure 6, panel B). The probability that this difference
occurred by chance was very small, and approached significance (p = 0.07). At 6 months and
one year, the extension of all knees, treated or untreated, was zero.
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DISCUSSION:
The objective of this study was to evaluate efficacy of topical calcium glycerophosphate
(CGP) in the overall healing and appearance of surgical incisions. The following endpoints were
sequentially evaluated for the first postoperative year: 1) improvement of surgical wound
appearance; 2) reduction of visible erythema/ inflammation; 3) scar minimization or prevention;
4) patient-reported pain and scar sensitivity; and 5) range of motion. The results of this study
demonstrate that topical CGP application significantly speeds wound healing in total knee
arthroplasty. The difference was particularly marked at visit 3 (7th post-operative day) where
better wound appearance was illustrated by reduced appearance of erythema and edema,
suggesting reduced inflammation. While the differences between treated and untreated knees
tended to diminish with time, at all time points the global impression of wound healing was
discernibly better in the treated knee. Indeed, the differences between treated and untreated may
have been increasing by the end of the first post-operative year.
At no time post-operatively did CGP treatment affect pain associated with the incision.
However, patients did not report high levels of incision-associated pain for either knee. In part,
perhaps, the incision-associated pain was low due to concurrent post-operative analgesia. In any
case, CGP treatment did not increase scar-associated pain.
The data suggest that CGP treatment may be associated with earlier gain in range of
motion in the immediate 6-week postoperative period. The treated knees gained flexion earlier
than the untreated knees, suggesting that the reduced erythema/edema observed in the treated vs.
untreated knees facilitated recovery of range of motion. However, this result must be interpreted
with caution. The knees assigned to the treatment group started with a degree of flexion that was
significantly worse than the contralateral knees. The gain in flexion may simply be an artifact
attributable to the initial inequality. However, at the very least, the data show that CGP
treatment did not impair recovery of range of motion.
The usual confounding factors of an arthroplasty wound healing study, e.g., different
surgical techniques, different implant devices and co-morbidities such as diabetes were absent
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from these studies. Limiting the study to otherwise healthy patients having bilateral TKA has
narrowed the number of variables, and allows us to conclude with a high degree of certainty that
the differences observed between the treated and untreated knees are most likely the result of
CGP therapy.
While eliminating co-morbidities such as diabetes does remove an important confounding
factor, it also limits the interpretation of the study. That is, the data demonstrate a treatment
effect in otherwise healthy patients. Arguably, the probability of observing increased speed of
wound healing is lowest in this patient population. The effect of CGP treatment in patients
suffering from chronic diseases is and remains unknown. The large treatment improvement
observed in the present study suggests that even greater differences might be observed in the
population with co-morbidities, such as diabetes, that impair wound healing. Although it is well
beyond the scope of this study, a future study of CGP in these patients is clearly warranted.
Therapies to improve wound healing have been pursued in both laboratory and clinical
studies. Although rapid wound healing is associated with improved surgical outcomes, current
standards of care include no agents, topical or systemic, that speed post-operative wound healing.
A number of studies have been directed to improving wound healing, particularly to
investigation of platelet-derived growth factors or surface laser treatment. The results have not
been encouraging.

Autologous platelet gels have been extensively explored as a means to speed wound
healing in general 29 and TKA in particular 30-32. The effects have been, at best, marginal,
possibly due to the method of platelet preparation 33. Alternatively, as platelet activation occurs
during normal healing, applying additional platelet factors may not greatly stimulate a nearmaximally stimulated system.
Although laser treatment is effective in surgical scar revision 10, studies of the efficacy of
laser treatment to promote surgical wound healing yielded inconsistent results 34.

12

Topical CGP accelerates TKA wound healing

Platelet derived factors, laser therapy and CGP may act through a group of common
effectors. Platelet lysates likely activate protein kinases 35,36, increasing fibroblast migration to
the wound 37. CGP certainly supplies free calcium, activating both platelets and kinases. Laser
treatment, by generating heat, appears to activate a pathway that ends with the inhibition of
phosphatases 38-41, and glycerophosphate is a general phosphatase inhibitor 27,28
But proper preparation of autologous platelet gels is difficult, expensive, and exacting 33.
Successful laser treatment is expensive, and requires multiple treatments 40.
In contrast, CGP is inexpensive (less than $100 per knee for the 6-week course of
therapy) and easy to apply. The present study shows that CGP promotes surgical wound healing
in otherwise healthy subjects undergoing total knee arthroplasty, and suggests that it may
improve the long term cosmetic appearance of the surgical scar. These properties suggest that
CGP merits further investigation in a broader patient population, as well as for other surgical
procedures.
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Visit Name
Post-operative day
Informed Consent
Physical Exam
Medical History
Assign Screen/
Random No.
Expert Grader
Assessment
Pain/Sensitivity
Assessments
Photographic
Assessment
AE Assessments
Dispense Test product
Collect Test product
Range of Motion

V1
-7
±2

V2
3
±1

V3
7
±2

V4
14
±4

V5
42
±6

V6
70
±6

V7
98
±6

V8
180
±14

V9
365
±14

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

X

X
X
X
X

X

X

X

X
X

Table 1. Treatment schedule.

18

Topical CGP accelerates TKA wound healing

Inclusion Criteria

Exclusion Criteria

Informed Consent

Employee or immediate family of either
AkPharma or employee or immediate family of
investigator or site personnel.

45 – 75 years of age

Pregnant or breast feeding

Scheduled for bilateral knee-replacement
surgery

Known allergy or hypersensitivity to calcium
or phosphorus supplements
Diagnosis of type I or type II diabetes mellitus

Table 2. Inclusion and Exclusion Criteria
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Gender
Race
Age (years)

Male

6

Female

14

Caucasian

18

Black

2

Mean
Median
Mode
Range

61.25
62
62
49 - 72

Table 3. Patient demographics.
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Figure 1. CONSORT flow diagram for patient recruitment and randomization. Patient
compliance was assessed by examining the treatment kits for unused product. Those patients
found to be non-compliant discontinued the study. Please see text for details.
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Figure 2. Digital photographs of a single representative patient, at the 14th and 70th postoperative days. At day 14, the appearance of the treated knee is markedly better than the
untreated knee. While the difference had diminished somewhat by day 70, there is still a
discernable difference between the two.
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Figure 3. Clinical impression of erythema for all patients. Both area and intensity of erythema
along the incision (panels A and C) were markedly and significantly (p=0.003) better (scored
higher) in the CGP treated vs. the standard of care, particularly during the treatment period (visits
3 through 6). While not so dramatic as the incision results, the area (Panel B; p=0.0019) and
intensity (Panel D; p=0.003) of erythema over the entire knee was significantly improved (scored
higher) in the treated vs. the untreated knee. The “p” values are the overall probability that the
results of the study occurred by chance, as calculated by two-way analysis of variance. *
indicates p<0.05, treated vs. untreated, for a single visit.

23

Topical CGP accelerates TKA wound healing

Figure 4. Clinical impression for all patients of visible edema along the incision line (Panel A)
and over the entire knee (Panel B). In both measures, the CGP treated knee exhibited
significantly less visible edema (scored higher) as compared to the standard of care. Panel A:
p<0.0001; Panel B: p=0.0002. The “p” values are the overall probability that the results of the
study occurred by chance, as calculated by two-way analysis of variance. * indicates p<0.05,
treated vs. untreated, for a single visit.
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Figure 5. Global clinical impression of wound healing for all patients. Overall, the CGP treated
knee healed markedly and significantly faster (scored higher) as compared to the standard of care
(p<0.0001). The “p” values are the overall probability that the results of the study occurred by
chance, as calculated by two-way analysis of variance. * indicates p<0.05, treated vs. untreated,
for a single visit. Open bars - untreated

25

Topical CGP accelerates TKA wound healing

Figure 6. Improvement in flexion (panel A) and extension (panel B) between visit 2 (pretreatment) and visit 5 (after 6 weeks of treatment). The treated knees gained significantly more
flexion during the treatment period (p=0.046). While the treated knees had slightly better
extension gains, the difference was not statistically significant (p=0.07). By 6 months, there
were no differences between treated vs. untreated knees, for either flexion or extension.
*=p<0.05 by paired ttest.
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