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Abstract
Background: To assess the impact of manipulation and a tailored programme for

compressive bracing on the quality of life of patients with flexible pectus carinatum

Methods: 249 sequential patients attending clinic for assessment of pectus carinatum
deformities underwent out-patient manipulation and then followed a prescribed schedule of

continuous external compressive bracing but without significant progressive tightening.

Results: There was successful sustained reduction of the deformity in 244 patients with high
reported rates of concordance (98%) and satisfaction (94%). Patients experienced a
reduction in symptoms of anxiety and depression (p<0.0001) and had improved body
satisfaction (p<0.0001). Mild skin irritation occurred in 18% of patients (n=44) and there were

two severe cases of skin irritation, one of which resulted in abandonment of bracing.

Conclusions: Manipulation and non-tightening compressive bracing was associated with
complete concordance, high levels of successful bracing, improved confidence and reduced

psychological morbidity.
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Pectus Carinatum (PC) is the second most common anterior chest wall deformity presenting
to clinicians with an incidence of up to 1 in 1000 adolescent patients [1]. It occurs due to a
defect in the growth of costal cartilage between the ribs and the sternum resulting in rotation,
elongation and asymmetry. The abnormal costal cartilages protrude outwards creating a

peaked deformity commonly known as ‘pigeon chest’ with varying degrees of severity.

The significant physiological and psychological morbidity associated with the deformity has
been extensively described in the literature[2]. Previous studies have demonstrated an
improvement in quality of life following minimally invasive surgical repair of PC[3]. However,

this link has not yet been proven for compressive bracing for PC.

Traditionally, patient were offered an operation to resect the deformed cartilage and perform
a sternal osteostomy to reduce the deformity into a near anatomical position. However, this
is associated with a resultant scar and significant potential for surgical morbidity such as

pain, infection, bleeding and pneumothoraces[4].

The introduction of external compression of pectus carinatum deformity as an alternative to
surgery was initially described as plaster cast treatment[5] and later as dynamic chest
compression[6]. Progressive compressive bracing exploits the period of growth and
development prior to secondary ossification during which the anterior chest wall is still
flexible and avoids any potential risks of surgery in a young patient population. Timing,
however, is key as there is a window of opportunity to manipulate the costal cartilages into a
more anatomical position while the chest wall is still pliable. Bracing is currently advised as a
first-line non-operative treatment for pectus carinatum in guidelines published by the
American Paediatric Surgical Association [7]. There are currently no guidelines for bracing in

adults in the UK.



There have been few major complications reported with bracing. The main limitation,
therefore is the tolerability of the treatment in young patients. The current literature highlights
high levels of treatment abandonment and low levels of successful bracing. Banever et al
reported that only 50% (15 out of 30 patients) achieved correction of their deformity; similarly
Martinez-Ferro reported 54% completion of bracing (112 out of 208 patients with a 15%
recurrence rate of those that braced)[8]. De Beer reported an almost 10% drop out rate (27
out of 286 patients with only 78 patients having completed bracing)[9]. Frey et al reported a
high number of patients which were not suitable for their programme of bracing (57 out of
100 patients; correction of deformity in only 26 out of 100)[10]. We hypothesise that the
reasons for treatment failure often relate either to prolonged bracing protocols (up to two

years in some cases[11]) and the slow improvement in the correction of the deformity.

We therefore developed a technique and protocol which involves immediate correction of the
deformity within the first patient consultation and application of a custom-fitted non-
compressive external brace together with prescribed schedule of brace wear, factors the
authors felt contributed to a significantly higher level of compliance previously reported

reflected in higher quality of life outcomes.

Patients and Methods

All consecutive patients presenting to the senior author for correction of Pectus Carinatum
deformity between 1% January 2015 and 8" February 2018 were assessed retrospectively.
Ethical approval was obtained from Spire St Anthony’s Hospital. Statistical analysis was

performed using STATA 12.0.

Eighty percent of patients were referred by a physician or GP with around 20% of patients

self-referring to clinic. All patients with a flexible pectus carinatum deformity were included in



the study, regardless of their age or demographics. Only 6 patients initially presenting to
clinic were felt to have deformities which were too stiff and inflexible for either manipulation
or bracing. Data collected included the patient’s age, height, weight, chest wall
measurements, associated features, associated symptoms and medical history. The
measurements taken to describe the morphology of the deformity is described
elsewhere[12]. All measurements were repeated at each follow up appointment and patients
were assessed for any complications of bracing. Information around appropriate wearing of
the brace, including a wearing schedule was provided and patients were encouraged to

follow the schedule.

Prior to starting and during the bracing programme, a patient satisfaction questionnaire was
completed. This was a uniquely created survey for pectus patients which asked patients to
report their compliance with bracing, any associated symptoms and the psychological impact

of their deformity. Patient’s responses were either descriptive or rated on a scale of 1 to 10.

Manipulation of the anterior chest wall and specifically the cartilaginous deformity was
performed during the first consultation using a physical therapy technique of ‘soft tissue
release’. This involved application of topical anaesthetic and heat prior to an infrared
massage and around ten minutes of manipulation of the cartilaginous portion of the
deformity. Controlled and sustained pressure flattened the deformity. This was maintained
carefully and a custom-fitted brace applied directly without additional pressure (further
details of the technique are shown in the supplementary video). The pressure for initial
correction was measured in all patients presenting after April 2018. The measurement was
recorded in pounds per square inch (PSI) as the pressure required to correct the deformity
both before and after manipulation. The brace was worn continuously without removal for 5
days with the exception of a ‘brace’ assessment including a skin check on day 2, after which

a bracing schedule was prescribed, and oral and written information provided. This varied



based on the flexibility of the pectus deformity and was tailored to each individual patient.

The timeline of bracing schedule is shown in Figure 1.

Bracing was considered complete any time after 32 weeks if the patient had fully weaned
from routine bracing and was satisfied with the cosmetic result. Many patients continued to
intermittently brace during subsequent growth spurts after the completion of bracing to

maintain the reduction achieved by treatment.

Results

Two hundred and sixty patients included in this analysis were considered eligible for
treatment. Of these, six patients were lost of follow up (4 of whom lived abroad) and 5
patients chose not to undergo bracing following their consultation and opted for other or no
treatment. Thirty-four patients were assessed as having stiff deformities which were not
appropriate for manipulation, but who underwent bracing with traditional progressive
tightening. The remaining 215 patients underwent successful reduction of their deformity at
their initial consultation without immediate complication. Patients were followed up for a
mean of 32.6 weeks (range 8-83) (Figure 2). The demographic features of this cohort of

patients is shown in Table 1.

At the time of this study, 159 patients had completed the bracing protocol and 85 patients
continued in the weaning phase of bracing. Many patients were discharged prior to their third

and fourth follow up appointments if they had completed the programme with good results.

Compliance with bracing was high with the majority of patients bracing continuously in the

first 12 weeks. The average number of hours the brace was worn per day at first follow up



was 22.3 hours. This included patients that were on an early weaning protocol, meaning that

concordance with the prescribed number of bracing hours was 98% for the 249 patients.

Of the 159 patients that have completed bracing, the median duration of wear was 32 weeks
for active bracing and 40 weeks until the end of the maintenance phase. Table 2 depicts the
distribution of bracing duration. Age was not significantly associated with duration of either
active or total bracing duration (p=0.843 and 0.440 respectively). Ten patients braced for
more than a year, and the average of this cohort (14.6 years) was similar to the whole

population group.

There was an immediate and statistically significant reduction in the peak of the deformity of
around 3.5cm (p<0.0001) which was maintained throughout the study period. The pressure
for initial correction also significantly reduced by day 1 following manipulation of the
deformity (average 9.6 PSI vs 4.5 PSI). A summary of the change in anterior-posterior (AP)

and medial-lateral (ML) differences pre- and post- bracing is shown in Figure 4.

Patients described an immediate improvement in the subjective assessment of the
appearance of their chest wall (Figure 5). A summary of the quantitative self-reported
satisfaction scores is shown in Table 3. When asked to rate the appearance of their chest
before treatment, the median self-reported score was 3/10 (range 1 - 8). At their first follow
up appointment, this increased to 8/10 (range 2 - 10), which was consistent throughout their
follow up (2™ follow-up: Median 9(4-10); 3" follow up: Median 9(6-10)). This improvement
was statistically significant (p<0.0001) at each follow-up when compared to baseline.
Patients also reported high levels of satisfaction with treatment. When asked at first follow up
whether the treatment was as good as they had hoped, 94% of respondents (n=204/217)

scored 5 or more out of 10 with a median score of 8/10.



The questionnaire revealed high levels of psychological morbidity including anxiety and
depression in patients with pectus deformities. When asked prior to intervention whether
they felt worried, sad or unhappy about their chest, 158/240 respondents (66%) scored 5 or
more out of 10 with a median score of 6/10. This significantly reduced following manipulation
and bracing (1% follow-up: Median 2(1-10); 2" follow-up: Median 2(1-10); 3" follow up:
Median 1(1-9)), with only 43/216 patients (20%) reporting high levels of anxiety or
depression (5 or more out of 10) at first follow up. This improvement was statistically

significant (p<0.0001) at each follow-up when compared to baseline.

Patients did not report a significant change in their overall health despite continuous wear of
the external brace. There was a transient increase in the patient’s median score for
breathlessness of +1 while wearing the brace at the initial follow up which was significant
(p<0. 0001), however, this resolved during the maintenance phase of bracing. There was no
change in the reported level of chest pain (p=0.9446). Despite some patients reporting pain
or breathlessness before and during the bracing programme, this did not lead to
abandonment of bracing in any patients and was therefore not a negative predictor of

compliance.

Complications

There were no immediate complications following manipulation and no mechanical failures
regarding the external brace. The only reported complication was skin irritation that occurred
in 18% of patients (n=46/249). Forty-four of these cases were considered mild to moderate.
Emollient or barrier creams were applied and all of these cases had resolved by the second
follow up appointment (around 28 weeks). Of the 2 severe skin complications, one patient
developed ring-worm (dermatophytosis/tinea) that required treatment but did not affect his
ability to brace. The second case occurred in an older patient who developed skin ulceration

which resulted in abandonment of bracing as discussed below.



Abandonment of bracing

Of the 5 patients (2.0%; 5/249) who failed to complete the above protocol for bracing, the
average age was 20.2 years, significantly greater than the rest of the cohort (14.9 years).
Two patients chose to stop wearing their brace and two stopped bracing due to significant
medical co-morbidities. Only one patient had a significant complication which required them
to stop bracing. This was a 26-year-old patient with a stiff deformity who developed skin
ulceration five days after manipulation and bracing. Bracing was terminated to allow the skin

to heal without subsequent complication.

Long-term follow up

On long tern follow up, there were no significant complications, but seven self-reported
cases of mild recurrence during the five-year study period. Each patient was advised to
undergo a further period of active bracing which fully reduced the recurrence without

additional intervention.

Comment

External compressive bracing for flexible pectus carinatum has been demonstrated to be a
safe and efficacious first line treatment. It is associated with low levels of morbidity and the
main drawback is the need for compliance in a young population group. Many protocols
which involve gradual reduction of the deformity and long periods of bracing have resulted in
high attrition rates (Table 4). We hypothesise that the success of manipulation and external
bracing relates to the immediate and complete correction of the deformity which provides
motivation to continue bracing as the patient can see an instant difference which is

maintained by the brace.



One of the key factors in determining success of bracing relates to patient selection. Our
protocol now includes an alternative algorithm for older patients with stiff deformities. This
was in response to the case of skin ulceration which highlighted the increased pressure of
manipulation in deformities without sufficient flexibility. As a result, these patients are no
longer manipulated, but instead undergo progressive tightened. In addition, the program has
introduced a pressure gauge to measure the pressure (PSI) required to correct the PC prior
to manipulation and helps select patients at greater risk of skin irritation. It is worth noting,
however, that compared to previous research, patients with a high pressure of correction
were able to successfully brace without complication. We hypothesize that this is in part the

result of the manipulation which reduced the PSI within 24 hours of the procedure.

In young patients with supple chest walls, we have adopted a fast-tracked protocol to early
weaning following manipulation. These patients have a less intensive and more flexible
brace wearing schedule which often suits this young patient population. These patients
however, may require longer periods of maintenance bracing and in some instances are

advised to brace for a few hours a day during growth spurts.

The high levels of depression and anxiety documented pre-bracing highlight the importance
of treatment, counselling and education. It also supports the body of evidence regarding the
significant morbidity and reduced quality of life for young patients with pectus deformities.
The marked and consistent improvement in symptoms of psychological distress relating to
the patient’s deformity highlights the importance of early intervention in this vulnerable
patient population. This is consistent with other questionnaire based research which showed
a significant improvement in self-esteem in paediatric patients undergoing dynamic bracing
[13]. The results also compare favourably with previous research which found that there was
a statistically significant deterioration in body confidence and perceived health in the general
population between the ages of 11 to 15 years[14]. In our data, there was a positive trend

towards a reduction in body dissatisfaction and perceived poor health as the patients aged.



The limitations of this study include the homogenous population group which is consistent
with the increased incidence of pectus deformities in young male patients. Additionally, a
significant proportion (35%) are still undergoing treatment. This is consistent with other
studies of a similar size (Table 4) and reflects the length of time for treatment. From our data
of patients completing treatment, however, we feel that we can already draw significant
conclusions with early evidence of high success rates and high patient tolerability with low
attrition rates. Despite this, over the five years of follow up since our first case there have

been no reports of significant complication.

Conclusion

Introduction of a manipulation technique to the flexible pectus carinatum as an adjunct to a
non-tightening compressive bracing delivered an early and significant improvement to the
PC, and together with a prescribed bracing schedule were associated with high patient
concordance, high patient satisfaction, reduced psychological morbidity and low levels of
complications when compared to other bracing programmes. It is the authors belief that high
compliance and completing the prescribed bracing program is the key to a successful and

permanent correction of the pectus carinatum deformity.
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Table 1: Demographic Data

%

Gender (M) 93% 227
Family history 28% 68
Mean Range
Age (years) 14.9 8-30
Height (cm) 171.2 130-196
Weight (kg) 56.3 26-100
A/P chest (cm) 215 16-33
M/L chest (cm) 24.2 18-31
Pressure to correct (PSI) 9.6 2.4-155
Severity Mild = 10

Moderate = 98

Severe = 136




Table 2: Bracing duration by age

Age (years) <11 12 13 14 15 16 >17
Number of patients | 6 10 39 44 32 19 9

Active bracing* 31 (30-64) | 31 (30-50) | 32 (28-42) | 32 (28-58) | 32 (28-46) | 30 (29-44) | 40 (34-48)
Total bracing* 37 (34-64) | 36 (36-66) | 38 (32-60) | 38 (28-64) | 40 (33-60) | 38 (33-58) | 50 (42-56)

*Numbers expressed as median (range)




Table 3: Matched pairs Wilcoxon signed rank test of scores at post-operative follow up timepoints

15 Follow-up | 2" Follow-up | 3™ Follow-up
(n=217) (n=161) (n=47)
Anxiety/Depression
Median difference -3 -3 -4
p-value <0.0001 <0.0001 <0.0001
Appearance/Body Confidence
Median difference +5 +5 +6
p-value <0.0001 <0.0001 <0.0001
General Health
Median difference -1 0 0
p-value 0.0029 0.7527 0.8075




Table 4: Literature review and comparative attrition/success

Patients
Reference g;trirgetr)lf; Sf g?a?c?innggat Attrition rate %  Success rate %

publication
Poola et al 2018[15] 340 39% (133/340)
Lee et al 2013[16] 88 10 48% (42/88)
Banever et al 2006[8] 30 ok 33% (10/30) 50% (15/30)
Stephenson et al 2008[17] 46 6 9% (4/46) 529% (24/46)
Cohee et al 2013[18] 70 67 7% (5/70) 53% (37/70)
Colozza et al 2013[13] 17 8 18% (3/17) 71% (12/17)
Martinez-Ferro 2008[19] 140 68 20% (28/140) 71% (99/140)
Jung et al 2012[11] 18 72% (13/18)
De Beer 2017[9] 105 181 26% (27/105) 74% (78/105)
Emil et al 2017[20] 81 33 *x 79% (64/81)
Kravarusic et al 2006[21] 29 2 14 % (3/22) 86% (19/22)
Frey et al 2006[10] 29 10% (3/29) 90% (26/29)
Hunt et al 2019 & 85 6% (11/175) | 91% (159/175)
Lopez et al 2013[22] 35 26 100% (35/35)

*Including patients that completed bracing, failed bracing or abandoned the programme
**Details not provided in publication




Figure Legends

Figure 1: Therapeutic schedule for patients undergoing bracing (n=215).

Figure 2: Flow chart of patient inclusion.

Figure 3: Histogram demonstrating bracing duration for included patients.

Figure 4: Summary of changes in chest wall dimensions pre- and post- bracing.

Figure 5: Example cosmetic result after 6 weeks of bracing.
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Diagnosis
I 1 I
Clinical Mild deformity & Moderate - severs haild-s evere
assessment of flesible deformity & flexible deformity & stiff
flexibility jp=t0) (n=205) (n=34)
Initial treatment

Bracing schedule




249 patients presented at first consultation and underwent
manipulation with application of custom fitted brace

l

217 patients attended 1st follow up (mean 11.7 weeks)

l

161 patients attended 2nd follow up (mean 28.7 weeks)

l

47 patients attended 3rd follow up (mean 41.2 weeks)

l

159 patients completed bracing
85 patients ongoing bracing treatment
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