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1. Introduction

The concept of a learning curve is well recognised within many
surgical fields [1–4]. The underlying theory is that patient outcome
will improve in proportion to increasing surgeon experience.

In support of the concept of a learning curve in its most basic
form, Leopold et al. have studied the acquisition of the relatively
basic psychomotor skill of knee injection. They conclude convinc-
ingly that performance improves with increased instruction and
experience [5].

Evidence pertaining to learning curves within orthopaedic
surgery is largely centred around arthroplasty. Studies of
uncemented total hip replacement have shown a lower rate of
surgical complications and improved femoral canal fit along with
acetabular cup angle in cases performed later in the learning curve
[6,7]. Both studies failed to show any difference in clinical
outcome. In a large series of 650 hip resurfacings, Nunley et al.
have shown that early complications occurred less frequently
following the first 25 cases performed by experienced hip surgeons
[8]. Optimal component positioning was achieved more frequently

after the first 75–100 cases and this finding is corroborated by
Witjes et al. [9]. Thorey et al. have shown the learning curve in
acetabular cup positioning to be present also with the use of
imageless navigation [10]. Further evidence for a learning curve in
hip surgery is provided by Patel et al., who displayed a higher rate
of subsidence in their early experience of distally fixed modular
stems in revision hip arthroplasty [11]. To break the emphasis on
elective surgery, Bjorgul et al. have recently published evidence of
a learning curve effect on operative time in hip fracture surgery
performed by orthopaedic trainees [12].

Evidence within the field of knee surgery also relates to
arthroplasty. Santini has published data indicating that survival of
total knee replacements improves with increasing experience
following the commencement of independent practice [13].
Further data is largely centred on minimally invasive knee
arthroplasty. Two studies have shown operative time to decrease
in proportion to increasing number of cases [14,15]. While Song
et al. have published evidence of a learning curve effect on implant
failure [16], other studies contradict this [14,17]. Rees et al. have
suggested that clinical outcome is better following the first 10
cases [18].

There has been a recent vogue towards the study of learning
curves in pedicle screw placement in spinal surgery. 4 studies all
showed that accuracy increased with surgeon experience [19–22].
Gonzalvo et al. showed a statistical improvement in screw
accuracy within the first 25 cases, but not beyond that stage
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A B S T R A C T

Background: Previous studies of orthopaedic learning curves have largely described the introduction of

new techniques to experienced consultants. End points have usually involved technical considerations. A

paucity of evidence surrounds foot and ankle surgery. This study investigates the learning curve during a

foot and ankle surgeon’s first year, defined by functional outcome.

Methods: 150 patients underwent elective foot or ankle surgery during the whole period. Preoperative

and 6 month postoperative functional scores were compared between the first and second 6 month

groups.

Results: Functional improvement was greater, approaching significance, in the second group

(p = 0.0605). There was no difference for forefoot cases (p = 0.345). Functional improvement was

significantly greater in the second group with forefoot cases removed (p = 0.0333).

Conclusions: A learning curve exists in the first year of practice of foot and ankle surgery, demonstrated

by functional outcome. This is confined to ankle, hindfoot and midfoot, but not forefoot surgery.
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[23]. There has also been interest in learning curves in endoscopic
scoliosis surgery. Evidence exists to show decreasing operative
time, irradiation time, blood loss and perioperative complications
along with an improvement in percentage curve correction, with
an increase in the number of cases performed [24–26].

There is a paucity of evidence surrounding the presence of a
learning curve within foot and ankle surgery as a whole. In
contrast, 5 relevant studies were found on the subject of total ankle
arthroplasty. The specific prosthesis varied between the literature.
4 of these studies suggested that a learning curve was present.
Murnaghan has noted a higher rate of complications in early cases,
but the sample size of 22 cases inhibits statistical analysis [27].
Two further studies of 50 cases each have suggested a learning
curve effect on perioperative complications, although 13 of the 50
cases presented by Schuberth et al. included a concomitant bony
realignment procedure, which may influence the data [28,29].
Haskell has documented the early experience of 10 surgeons with
total ankle replacement, presenting a mean number of 12.8 cases
per surgeon. Despite the relatively low number of cases per
surgeon, a statistically significant difference was observed
between early and late cases, in terms of perioperative complica-
tions and time taken for wound healing [30]. In contrast, Spirt et al.
found no evidence to support the presence of a learning curve
effect on implant survival [31]. It should be noted that this study
had a significantly larger study population (306 cases). None of
these studies investigated functional outcome.

120 displaced intraarticular calcaneal fractures underwent
operative treatment in a study by Sanders et al. They showed that
the number of patients who achieved a ‘good’ or ‘excellent’ clinical
result increased from 27% to 84% over the first 4 years [32]. A
systematic literature review by Poeze et al. failed to reveal any
further evidence surrounding learning curves, but did show that
increased institutional fracture load led to improved outcome in
the operative treatment of calcaneal fractures [33].

The current evidence pertaining to learning curves within
orthopaedics is heavily weighted towards end points such as
operative time, postoperative complications and implant survival.
There is little evidence concerning the effect of a learning curve on

functional outcome. The only study of this nature found within foot
and ankle surgery was that of Sanders et al. [32]. Although their
findings support a learning curve effect on functional outcome, the
outcome measure used was subjective and did not involve a
standardised scoring system. 2 orthopaedic papers were found
which used standardised functional scores to provide evidence for
the learning curve effect on functional outcome; Rees et al. found
this phenomenon to be present in minimally invasive unicompart-
mental knee replacement, while Callaghan et al. showed that it was
not present in uncemented primary total hip replacement [6,18].

There is a trend towards the study of the introduction of specific
procedures to experienced orthopaedic consultants. Much less
evidence exists pertaining to the learning curve experienced by
newly appointed consultants within their routine workload. The
data published by Santini demonstrates that within a consultant’s
first 99 total knee replacements, 3 of 4 implant failures within
10 years occurred in the first 6 cases [13]. This suggests a dramatic
learning curve within the first year of independent practice of knee
surgery. No such evidence was found relating to foot and ankle
surgery.

This study tests the null hypothesis that there is no learning
curve effect on functional outcome in the routine caseload of a
newly appointed foot and ankle consultant surgeon. By presenting
the data obtained, it will be possible to elicit any such learning
curve and therefore to highlight the need for strategies to facilitate
integration into independent practice.

2. Methods

All patients who underwent elective foot and ankle surgery
within the first 12 months of a newly appointed foot and ankle
consultant surgeon’s practice were included. The surgeon was
also performing knee surgery at that time (knee cases were
excluded from the study). The surgeon concerned had just
finished a 6 month fellowship period in the United States of
America. Cases were stratified as ankle, hindfoot, midfoot and
forefoot. Caseload was compared between the 2 periods with the
Pearson’s Chi square test.

Pain (40  points)
• Non e 40 
• Mild, occ asio nal 30 
• Moderat e, daily 20 
• Severe, almost always present 0 

Function (45  poi nts)
Activity li mitati ons,  su pport 

• No lim itati ons, no  su ppor t 10 
• No lim itati ons  of  daily ac tiviti es, limit ation  of rec reati onal  activ ities, no  support 7 
• Limited dai ly and  re creational  activit ies, can e 4 
• Sev ere  limitation  of daily and  recreat ion al acti vitie s, walker , crutch es, wheelch air  0 

Foot wear  re q stnemeriu
• Fas hion able, convention al shoes, no  insert  re quired 5 
• Comfort footwe ar, shoe  insert 3 
• Mod ifi ed shoes or  bra ce 0 

Maxim um walki ng dist ance, 100 y sdra
• Greater th an 6 10 
• 4 – 6 7 
• 1 – 3 4 
• Less than  1 0 

Walking surfaces  
• No diffic ulty on any surface 10 
• Some di fficulty on uneven  terr ain, stairs , incl ines, la dders 5 
• Severe difficult y on uneven terr ain, stair s, inclines, la dders 0 

Gait  abnor mality
• Non e, slight 10 
• Obvi ous 5 
• Mark ed 0 

Total  Sc ore 85 

Fig. 1. Modified AOFAS midfoot score.
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