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1

stress FrActures
Aetiology and epidemiology
Stress fractures are rare in the general population and are particularly
seen in people with high demands of their musculoskeletal system,
like athletes or military personnel. In these groups incidence rates of
1.9% to 37% are reported (1, 2). In thesis we have the focus on these
people with high demands and are thus excluding other patients at risk
for stress fractures (like patients with osteoporosis and women with
endocrine- or uptake disorders). Stress fractures occur with repetitive
loading at a level below the failure load of the bone but above the
fatigue load resulting in local non-catastrophic microfractures. The
bone turnover is too slow to repair the microfractures in time, hence
there is an accumulation of microfractures with repetitive loading,
ultimately leading to a full fracture (3-5). Because of the repetition
of loading well below the failure load, these fractures are also called
overuse- or fatigue fractures. The weight bearing bones, being mostly
those of the lower extremities, are at higher risk (6). Mostly adolescents,
young people and athletes are affected (3, 7, 8). A possible explanation
can be a hasty increase of exercise intensity. For the affected athletes,
the stress fracture can potentially be a career ending injury, or at least
affect the progression in the field. Notorious locations of this type of
injury are the anterior tibial cortex, tarsal navicular bone and proximal
fifth metatarsal bone, most probably because of a combination of
higher load distribution and limited blood supply due to a local hypovascularity or a watershed area (9-12).
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clinical and radiological presentation
Patients’ history usually shows prodromal symptoms that gradually
worsen over time, sometimes ending in an acute moment of severe
pain (13). Pain and discomfort of stress fractures negatively affect
daily activities, work and (professional) sports. Physical examination
reveals a recognizable tenderness on palpation over the site, possibly
combined with soft-tissue swelling.
In early stages, a stress reaction or fracture is not always visible on
X-rays. In such cases a CT or MRI-scan can help, showing respectively
bone bruising with oedema in early stages or small bone cracks with
or without sclerosis, reflecting the existing repetition of micro-cracks
in the affected bone (14). In later stages, a radiolucent fracture line can
be seen. It is also possible to visualize the evidence of a sclerotic intramedullary cavity, with or without a thickening of the affected cortex.
Radiological examples are shown in figure 1-3.

treatment
Due to the relatively small group of prone subjects for this injury and
the different anatomic locations where the stress fractures can occur,
study results of comparing treatments are hard to find. There are numerous treatment options described and performed in daily care by
sports physicians and orthopaedic surgeons. Good quality evidence is
low, leaving experience based evidence still as an important foundation for the selected treatment.
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Figure 1. Fifth metatarsal stress fracture
A radiolucent line is seen on the base of MT-V
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Figure 2. Anterior tibia stress fracture
Thickening of the cortex is clearly visible, and a
fracture line at the lowest arrow on a CT-scan
(treated with cast immobilisation)
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Figure 3. Os navicular stress fracture
On this MRI-scan the fracture line in the os
navicular is seen
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outcome AssessmeNts
Background
To evaluate results of health care, several outcome instruments are available. Besides the traditional ‘objective’ outcome measurements like the
surgeons assessment of the range of motion or the interpretation of
fracture consolidation on the radiographs, instruments evaluating the
treatment from the patients’ perspective exist. To measure the patients’
actual functional status or health related quality of life, a patient can be
asked to fill out questionnaires. This can be done with so called patient
reported outcome measures (PROMs), which are standardised and
validated questionnaires that are completed by the patient, to measure
personal perception of heath or functional status (15). These outcome
measurements, fully reported by the patients themselves, are becoming more important in medicine because the reported outcomes can
be very different from how the physician is judging the wellbeing of
a patient (16-18). Due to this new attention to the patients’ perspective, further improvement of the personalized quality of healthcare by
physicians is to be expected (19).
PROMs are not only used in research to assess effects of treatment or
to compare groups, but also on an individual basis, to register how a
patient is judging the progression after a treatment (20). There are two
types of PROMs (table 1). The general PROMs measure a certain construct, like quality of life, health related quality of life (HR-QoL) or pain.
These PROMs are not designed for a particular condition, but intended
mostly to allow comparison across patient groups that can differ from
each other. The other type, specific PROMs, are further subdivided in
location- or disease specific PROMs. These are designed to evaluate
the burden of a specified disease or unspecified pathology of a specific
extremity or joint.
For stress fractures, a specific PROM can be of good use. In patients
having lower leg stress fractures, a foot and ankle PROM evaluate different constructs with differentiated questions (for example about how
much pain during the day or the ability to perform sports). It will assess
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Table 1. Types of PROMs and summary of usage

1

Type of PROM

Function

General

measuring a construct

Applicable to general
population
eg ‘Health Related Quality of Life’ Comparing between diseases or
patient groups
or ‘Pain’

Is HR-QOL more effected
in patients suffering from
stress fractures compared to
traumatic fractures?

Specific
- Disease

measuring sensitive
construct(s) in patients with
same disease

Validated in a well-defined
target group
Differentiated for disease
Follow up and detect changes
in patient
Follow up and compare
treatment

Is the health status of patient
X suffering from a MT-V stress
fracture improving after
surgical fixation?

Validated in a well-defined
target group
Differentiated for location
Follow up and detect changes
in patient
Follow up and compare
treatment

Is patient X suffering from a
MT-V stress fracture improving
faster following surgical
treatment compared to patient
Y being treated with cast
immobilisation?

eg ‘Stress Fractures’(#)

- location

measuring sensitive
construct(s) in patients with
same body part affected
eg ‘Foot and Ankle’

Usage

Clinical Example
Stress Fractures

Types of PROMs with a brief summary of important functions and usage. The last column is giving examples of when to use a
PROM in clinical practice. (#) not existing

specific symptoms or limitations belonging to lower leg injuries. With
a specific PROM, more extensive differentiation is possible within the
target group.
Each PROM has an own way to give weight to given answers and
summing this into a score. This score gives a validated opportunity to
measure and capture how the patient is doing; the subjective experience of the patient. On the other hand, the outcome is not direct or
exact, there are subjective sections and a real measurement unit is failing. If clinimetric properties are accurate, you minimize eventual flaws
and PROMs can be used to compare patients or to compare outcomes
(see table 1).
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clinimetric properties and terminology
In earlier performed research on PROMs used for foot and ankle problems, discrepancies in use and interpretation of four major clinimetric
properties (content- and construct validity, reliability and responsiveness) were found (21, 22). Imaginable, this may lead to choosing the
wrong measurement to measure the desired outcome. Therefore the
use of the COSMIN criteria and checklist is advocated, to judge and
develop PROMs in a similar manner (23). The checklist contains twelve
boxes, of which ten can be used to assess methodological quality. Nine
boxes contain standards for measurement properties. i.e. internal consistency (box A), reliability (box B), measurement error (box C), content
validity (box D), structural validity (box E), hypotheses testing (box F),
cross-cultural validity (box G), criterion validity (box H) and responsiveness (box I). One box contains standards for studies on interpretability
(box J). Also, there is a box containing general requirements for the
generalizability of the results (Generalizability box). In addition there
is a box that has to be filled out in articles in which the Item Response
Theory for statistics is applied (IRT box).
All boxes of the COSMIN checklist are scored on a 4-point scale,
designed and based on an expert consensus in 2010 (23). It makes it
possible to reliably judge methodological quality of outcome measures
prior application on (groups of ) patients.

clinical use of Proms
The diagnosis and treatment of foot and ankle problems are an important part of daily orthopaedic practice. Because PROMs are gaining
more interest in orthopaedics, a large variety of different PROMs are
existing and used. To have optimal advantage of PROMs, these should
not only follow the rules of clinimetrics, but should also be easy to
interpret, comparable in different stages of the recovery of the patient,
comparable between patients or between groups and easy to fill out
for the patient. These comparative powers can only be achieved when
a consensus is reached regarding which PROM to use for which particular purpose. For example, for diseases of the foot and ankle there is one
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recent study that described 139 available measures for the outcome of
foot and ankle injuries in literature (24). It is reported that frequently
used PROMs are highly correlated to each other. In other words, using
a single PROM may be adequate (25). Earlier reviews focussed on all
kinds of PROMs (general, location specific and disease specific) giving
a very broad, probably confusingly, overview (21, 26, 27).
A PROM can be used to measure the quality of life in the general
population or in certain subgroups, for example patients suffering from
a disease or living in a certain area. It can also be used to evaluate the
effect of a treatment by measuring the PROM before and after the
treatment. Furthermore a PROM can be used to compare outcomes in a
patient group or between patient groups, thus evaluating worsening or
improvement after treatment or compare different types of treatment.
Because using only patient reported outcomes is relatively new in
orthopaedics, major strides can be made to improve optimal use. On
the one hand, the benefit of using PROMs for general patient care
can be more precisely described and assessed. On the other hand, for
optimal use of PROMs in individual and general care across the world,
a consensus is suggested to be useful to achieve useful measurements
that allow comparison of outcomes. To utilize the possible benefit of
comparing not only in an individual, but also between individuals and
groups for public health care and research proposals, such a consensus
on which PROM to use for which cases is required. Methodological
proper validation procedures of existing PROMs and comparing their
clinimetric properties and quality would enable developing guidelines
for more consistent reporting and comparing outcomes.

15
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Aims AND outLiNe oF the thesis
Aims
The first aim is to give an overview about which stress fractures of the
lower leg are potentially high risk stress fractures, how to treat these
fractures and to determine the impact of these stress fractures on
patients.
The second aim is to show how to use patient reported outcome
measures and possible advantages of using patient reported outcome
measures with optimal clinimetric properties.
The third aim is to improve the quality in use of patient reported
outcome measures for foot- and ankle problems and eventually to find
a suitable consensus on which patient reported outcome measure to
use for which particular purpose.

outline
Part I
In Chapter two, a narrative overview of stress fractures of the foot
and ankle is given. Chapter three is a systematic review of the current
literature to determine whether surgical or conservative treatment is
the favourable way to treat high risk stress fractures of the lower leg.
The stress fracture of the fifth metatarsal bone is one of the high risk
stress fractures, for which definition of the optimal treatment remains
a challenge. Surgical treatment seems to have slightly better results.
In order to investigate if there is even further improvement of surgical
treatment results is possible, in Chapter four a study protocol of a randomized controlled trial is described, investigating whether surgical
treatment with or without adding bone marrow concentrate leads to
better (patient reported) outcomes for fifth metatarsal stress fractures.
Not much is known about patients’ perspective on treatment of stress
fractures. In Chapter five, return to sport and patient reported outcome
of treatment of stress fractures of the lower leg are given in a prospective case series, to learn about the impact of stress fractures.
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Part II
To clarify what is measured and what is affecting patient reported
outcome in other ways than the injury or treatment itself, in Chapter
six it is evaluated for foot and ankle diseases what factors are affecting
patients reported quality of life. In addition to this, in Chapter seven it is
investigated if there are differences between athletes and non-athletes
reporting on health related quality of life after suffering from foot and
ankle injuries. One of the PROMs often used in international research of
foot and ankle injuries is the Foot and Ankle Ability Measure (FAAM). A
Dutch translation did not exist yet. Therefore in Chapter eight a translation into Dutch and subsequent validation is described.
Part III
Insight in how physicians of patients with lower leg injuries use PROMs
and what they expect from the use of PROMs, is mandatory in order
to motivate our colleagues. In chapter nine an international survey is
presented. Orthopaedic surgeons were asked to give the properties
a PROM needs to have, and to report which PROMs they are using.
Chapter ten is reviewing the current literature of existing foot and ankle
PROMs translated and validated in Dutch, to advice a PROM for common use in Dutch research and health care for foot and ankle.
Part IV
In the last part, the thesis is finalized with a general discussion in Chapter eleven, followed by summaries in English (Chapter twelve) and Dutch
(Chapter thirteen).
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Stress Fractures:
treatment and challenges
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Stress fractures of the foot and ankle
in athletes, an overview
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Chapter 2

ABstrAct
Stress fractures occur due to repetitive forces on the bones and develops over time. The etiology differs from a traumatic fracture and
therefore stress fractures are more an overload injury. Stress fractures
of the foot and ankle are frequently seen in athletes and can be a
potentially career ending injury for these high demanding sportsmen.
Some locations are considered as high-risk stress fractures due to slow
healing and high rates of non-unions. This article discusses the most
common sites for stress fractures of the foot and ankle, the risks and
evidence on best treatment options.
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iNtroDuctioN
A stress fracture develops over time and is the result of an overload of
the bone. Therefore these fractures are also called fatigue fractures. The
etiology differs from traumatic fractures, because the damage is caused
when repeated forces on the bone outruns its remodeling capacity.
This can eventually result in micro-fractures leading to a weak spot and
when loading proceeds, a stress fracture can arise (1-3). Another difference with a traumatic fracture is the stress fracture’s healing process. It
is described that stress fractures do not heal by callus formation, but
more via direct remodeling of bone across the fracture line (1, 4, 5).
This is a slower process and more comparable to the healing pathways
of non-unions (1, 5).
Athletes belong to a very healthy but also demanding group of
patients. They require much of their body with intensive workloads.
They are at risk to create an overload injury, and studies reported an
incidence of stress fractures among athletes of up to about 2% (6, 7).
Different sites of the foot and ankle can be affected and in some, union
problems and re-fractures are frequent and are considered high-risk (8).
This article focusses on the most common sites of stress fractures in the
foot and ankle, discussing the epidemiology, diagnostic options, risks
and best available treatment.

Diagnosis
Patients’ history usually concerns prodromal symptoms, with insidious
onset. These symptoms have a chronic character sometimes worsening
gradually. In other cases pain eventually worsens after an acute moment of severe pain. People suddenly increasing their training intensity
(9-11) and athletes of adolescent’ age (12, 13) are at risk to develop a
stress fracture. Furthermore intrinsic factors like nutrition or hormonal
deviations, both frequently seen in especially endurance athletes (14,
15), and sex have been suggested to contribute to the disbalance of
bone remodeling resulting in a stress fracture, although in conflicting
directions (3, 16, 17).
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After physical examination -where local tenderness, pain during axial
forces and sometimes a palpable swelling are the most important signsimaging is the next step. A stress reaction and sometimes even a stress
fracture is not always seen on X- rays. In the early stage of the injury
the fracture line could be too vague to distinguish. An MRI, bone- or
CT-scan can be of help at this stage. When prodromal symptoms exist
for a longer period of time, the fracture could have progressed into a
complete (stress) fracture, well recognizable on an X-ray by a radiolucent fracture line and evidence of a sclerotic intramedullary cavity, with
or without a thickening of the affected cortex.

treatment
When deciding which treatment is best, the physician should bear in
mind that in the developing stage, rest from activities can provide
the bone some time to remodel and heal the micro-fractures before a
definite stress fracture develops. After all, the origin of a stress fracture
is a disbalance between load ad rest resulting in an overload of the
bone. In order to prevent this type of injury, trainings intensity should
be deliberated, as well as the nutrition and hormonal state of the
athlete. Unfortunately, this preventive approach is not always possible.
Especially in professional athletes, match play or competition pressure
is of great importance and the loads are high, this allows the stress
reaction to turn into a stress fracture.
Conservative treatment is an option if the athlete can manage the
pain while performing activities and is able to go on despite of it. According to the biology of a stress fracture, a possible theory would be
that when continuing performing sports a total fracture could occur.
This means: a fracture more like a traumatic fracture and thus with more
potential to heal. It is important to consider the anatomical variations
and locations, to classify the fracture into low- or high risk (8, 18). Another possible important factor to be at high risk of healing problems is
the hypovascularity of the affected bone. Stress fractures localized in a
hypovascular site or a so-called watershed area, are considered to be of
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a high-risk (19-23). When untreated, healing problems could occur due
to the lack of vascularization at these spots.

commoN sites
medial malleolus
A stress fracture of the medial malleolus usually occurs in long distance
runners, but also high demand athletic individuals like jumpers and
gymnastics (7, 24). The medial malleolus stress fracture is a high risk
location and accounting for 0.6 - 4.1% of all lower limb stress fractures
(7, 8, 24, 25). Repetitive loading or impingement of the talus on the
medial malleolus during ankle dorsiflexion and tibial rotation may
result in a medial malleolar stress fracture (26).
On a plain X-ray only 30% of the fractures is seen (27). Other reported
findings are regional osteopenia, sclerosis, callus or cysts (25). Bone
scan and MRI are sensitive to demonstrate a stress reaction, but MRI
has more specificity as diagnostic imaging (25, 28).
Because the rarity of this stress fracture location, there is lack of
firm evidence supporting either surgical or conservative treatment.
Conservative treatment of the medial malleolus consists of 4-8 weeks
non-weight bearing cast, with reported time to return to sports from
6 weeks to six months (25, 29-31). Surgery is advocated by complete
or displaced fractures and in athletes. The reported return to play is 5
weeks to 4 months (29, 32). Most advocated surgical technique is internal fixation with compression screws (Fig 1). In case of a delayed union
additional drilling of the fracture site or bone graft is recommended
(29, 33).
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1. Treatment with compression screws
AP and lateral view after surgical treatment with compression screws of a medial malleolar stress fracture
	
  

Distal Fibula
Up to 30% of all stress fractures are fibular stress fractures (24, 34) located in distal part of the fibula (35), or mostly in the shaft or proximal
(36, 37). Distal fibular stress fractures are seen in runners and soccer
players.
The fracture line is hard to see the first 4 weeks on X-ray. When not
treated, symptoms may persist longer, which calls for an early diagnosis. This fracture does have an excellent prognosis when treated with a
3 to 6 week-period of rest, after local tenderness is resolved the athlete
can return to his athletic activities (18, 35). Surgery is not indicated
as primary treatment, but can be of value in case of union problems
(Fig 2,3).
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Figure 2. Fibular stress fracture
CT scan of the right ankle showing a non-union of a fibular stress fracture
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Figure 3. Treatment of fibular stress fracture
H2F3	
  

Intramedullairy screw for a non-union of a fibular stress fracture on the right side
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talar bone
Stress fractures of the talar bone are very rare, incidence is reported
to be 4.4 per 10000 persons a year in military recruits (38) and they
found the talar stress fracture associated with stress reactions of the
other tarsal bones. The body of the talus or, even less often reported,
the lateral talar process is affected (38, 39) and pain is located into
the subtalar joint or in the lateral ankle and sinus tarsi. The suggested
cause is excessive subtalar pronation and plantar flexion (40).
The fracture line is seldom visible on plain radiographs, so a CT-scan
(Fig 4a), bone scan or MRI (Fig 4b) is advocated in case of suspicion.
Probably due to its rarity, there is often a long period before final diagnosis. Healing of this fracture site is also a slow process (8, 41) and most
patients do not return to their previous level of sports (39). Therefore
a non-weight bearing cast of at least 6 weeks is advocated (8). Surgically described treatment is drilling, combined with immobilization of
6 weeks, but still healing remains arduously with a long time to return
to sports and not always to previous level of achievement (8, 38-42).
In athletes we recommend surgical
treatment by using
	
  
	
   compression
osteosynthesis
(Fig 5) in both body and lateral stress fractures.
H2F3	
  
	
  	
  

	
  

Figure
4. Imaging of a talar stress fracture
H2F4	
  
a) CT 	
  scan of the left ankle with a stress fracture of the lateral proces of the talus
b) MRI of the same fracture
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Figure 5. Treated talar bone stress fracture

	
  

AP and Lateral view of the status after surgical treatment with compression screws of the left sided stress fracture of the lateral
process of the talus
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calcaneal bone
This location is mainly seen in long distance runners and recruits, but
is also a rare location with an incidence in recruits of 2.6 per 10.000
person-years (43). Most of the time, the fracture is located at the posterosuperior calcaneus just anterior to the apophysial plate, but also
one case of a stress fracture of the anterior process is reported (44).
When considering a calcaneal stress fracture it is important to differentiate from other injuries as achilles tendinosis, retrocalcaneal bursitis or
plantar fasciitis. On plain radiographs only 15% of the fractures were
seen, MRI can be of important additional information (43).
Preferred treatment of this low-risk stress fracture is conservative
with limitation of activity for 3 weeks and potential use of a soft heel
pad (18), in recruits the mean time to return to activities was 70 days
(43). During rehabilitation calf and	
  	
   plantar fascia stretching is recomH2F6	
  
mended to prevent recurrence. All reported cases returned to sport.
	
  

Navicular bone
Navicular stress fractures are reported to be 25% of all stress fractures,
most in runners and basketball players (45, 46). These stress fractures
can present as partial up to complete fractures and severity of the
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fracture is believed to correlate with the outcome (47). The fracture is
located in central third of the bone or at the junction of the central
and lateral thirds of the navicular (Fig 6). This is where a hypovascular
watershed area is present (19) what makes it a high-risk stress fracture.
Sometimes the stress fracture is seen on X-ray but mostly a sagittal
CT or MRI is needed (19, 48). No strong evidence supporting surgical
treatment is available (49), but reviewing current literature reveals an
return to sports of 16 weeks where conservative treatment takes 21
weeks, with a higher complication rate. Recommended conservative
	
  
treatment is 6 weeks non-weight 	
   bearing cast. The most performed
surgery consists of screw fixation (Fig 7), sometimes with additional
H2F5	
  
	
  	
   bone graft (49).

Figure 6. Stress fracture of the navicular bone
	
  

MRI of the left ankle showing a navicular stress fracture
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Figure 7. Treated navicular stress fracture

	
  	
  Left navicular stress fracture after surgical treatment with compression screws
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Figure 8. Fifth metatarsal stress fracture
	
  

Oblique view of fifth metatarsal stress fracture of the left foot
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Fifth
metatarsal
	
  
This stress fracture is mainly seen among soccer, football and basketball
players (12, 50, 51). The fractures are typically located in the proximal
methaphysic of the bone, right where the watershed area is present
(20-22). Patients usually have prodromal symptoms of swelling and
tenderness around. In early state, radiographs (Fig 8) don’t always
show a lucent fracture line or callus formation (2), then a CT-scan can
be performed. Most recommended evidence points in the direction of
surgical treatment, especially in athletes (52, 53) with a return to sports
of 24-26 weeks versus 14-15 weeks in conservative treated patient.
Surgery can be performed with a Zuggurtung- or screw fixation (12,
51, 54). Recommended conservative treatment is a non-weight bearing
cast for at least 6 weeks.

metatarsal stress fractures
Stress fractures of the metatarsals were referred to as march fractures,
they frequently occur with a change in running intensity (55, 56). They
are accounting for 9% of all stress fractures in athletes, in a study of 320
stress fractures in athletes by Matheson et al (34). Approximately 80%
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of the stress fractures of the metatarsals occurs in the medial and distal
part of the second and third metatarsal (57-60). Most patients are able
to localize a delicate pain point during physical examination.
The evaluation of clinical suspicion of a stress fracture should include
plain radiographs with MRI or bone scan (61). In early state radiographic
studies are usually normal, whereas after 3–4 weeks periostitis, fracture
callus or increased bone density may be seen. Scintigraphy shows an
increase in uptake at the level of fracture (57).
Traditionally treatment is conservatively by using a walker boot or a
short-leg cast non-weight bearing for 4-8 weeks, after removal of the
cast gradual resuming of the activities is recommended (62-65). The
reported time for gradual recovery and return to activity of non-critical
stress fractures is approximately 6-8 weeks (66). If conservative treatment fails, surgery seems to be a good option. Drilling around and
through the fracture line, open reduction and internal fixation is possible, if needed combined with bone grafting. This surgery is followed
by a non-weight bearing period with a cast or a hard sole shoe for
2-6 weeks (67-69). Reported time from surgery to return to sport and
activities was 10-20 weeks with an average of 12 weeks (69).

Great toe sesamoids
Sesamoid stress fractures of the hallux represent approximately 1%-3%
of stress fractures in athletes, especially in runners (7, 34). These stress
fractures have been described after repetitive loading by jumping and
long walks, and occur more often at the medial sesamoid (70). The
sesamoid bones of the first metatarsophalangeal (MTP) joint absorb
the majority of weight of the first ray and therefore play an important
role in force transmission. The sesamoids also function as a pulley for
the flexor hallucis longus- and brevis tendons and provide stabilization
of the MTP joint.
Symptoms of having a sesamoid stress fracture during physical
examination include local tenderness and pain on direct palpation and
decreased plantar or dorsiflexion strength.
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Conventional radiology is recommended by a X-ray of the axial sesamoid, however the X-ray can be misdiagnosed for a bipartite sesamoid.
Scintigraphy and CT-scan are more reliable in confirming the diagnosis
(70, 71). Initially a conservative treatment based on rest or partial weight
baring, application of a short-leg walking cast with specific prevention
of dorsiflexion for at least 6 weeks is recommended by most authors,
and operative treatment is advised if non-operative treatment fails. Be
aware that this side is also of high risk due to tenuous blood supply (8,
23). Percutaneous cannulated screw fixation appears to be a successful
alternative to open procedures for acute fractures and nonunion. Total
sesamoidectomy is rarely recommended as it causes a mechanical
defect and reduces the flexion movement (70, 72-74).

coNcLusioNs
Stress fractures in the foot and ankle are common injuries in athletes.
They can be classified as overuse injuries, and often seen in the younger
athletes or military recruits. In order to prevent this type of injury,
trainings intensity should be deliberated, which is hard to achieve in
professional athletes. When low-risk stress fractures are still in early
stage, it is an option to continue sports if the athlete can stand the pain
during activities. High-risk stress fractures can develop more easily into
a chronic problem, with career-ending properties. It is necessary to pay
attention to diagnose these fractures in an early state and treat these
more aggressive.
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ABstrAct
Aim To compare surgical and conservative treatment for high-risk
stress fractures of the anterior tibial cortex, navicular and proximal fifth
metatarsal.
methods Systematic searches of CENTRAL, MEDLINE, EMBASE,
CINAHL, SPORTDiscus and PEDro were performed to identify relevant
prospective and retrospective studies. Two reviewers independently
extracted data and assessed methodological quality. Main outcomes
were return to sport and complication rate.
results 18 studies were included (2 anterior tibia (N=31), 8 navicular
(N=200), 8 fifth metatarsal (N=246). For anterior tibial fracture, no studies on initial surgery were eligible. Conservative treatment resulted in
high complication rates and few cases returned to sport. For navicular
fracture, a weighted mean return to sport of 22 for conservative and
16 weeks for surgical treatment was found. Six weeks of non-weightbearing cast was mostly used as conservative treatment. Surgical
procedures varied widely. For the fifth metatarsal fracture, weighted
mean return to sport was 19 for conservative and 14 weeks for surgical
treatment. Surgery consisted of intramedullary screw fixation or tension band wiring. For conservative methods, insufficient details were
reported. Overall, there was a high risk of bias; sample sizes were small
and GRADE level of evidence was low.
conclusion Strong conclusions for surgical or conservative therapy
for these high-risk stress fractures cannot be drawn; quality of evidence
is low and subjected to a high risk of bias. However, there are unsatisfying outcomes of conservative therapy in the anterior tibia. The role of
initial surgery is unknown. For the navicular, surgery provided an earlier return to sport; and when treated conservatively, weight-bearing
should be avoided. For the fifth metatarsal, surgery provided the best
results. Treatment decision-making would greatly benefit of further
prospective research.
Study registration number PROSPERO database of systematic reviews: CRD42013004201
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iNtroDuctioN
The time to return to sport or full activity is an important issue in the
treatment of stress fractures as they mainly occur in (high-level) athletes
or military personnel (1, 2). These injuries usually appear in the lower
leg due to repetitive loading and high impact forces applied during
training and matches (3). Notorious locations in this type of injury are
the anterior tibial cortex, navicular bone and proximal fifth metatarsal
(4). Owing to hypovascularity or a watershed area(5-9), these stress
fractures are prone to delayed or non-union. Complication rates are
high and patients are often absent from duty or sport for a long time;
sometimes resulting in the end of a career. Therefore, these fractures
are known as ‘high risk’ injuries (10-12). Clinical decision-making and
adequate treatment of this demanding group of patients is crucial to
facilitate a return to their normal level of activity.

Anterior tibial cortex
Of all tibial stress fractures, the anterior cortex is injured in only 5-15%
(13, 14), but of the three high risk stress fractures, these might create
the biggest threat for an athletic or military career. They differ from the
more common and easier to treat posteromedial tibial stress fractures,
as the anterior part is the tension site of the tibia. Compression of the
fracture site is therefore hindered. From start of treatment until complete healing can take up to 20 months (15, 16). Owing to its location
and low prevalence, symptoms are usually not recognized as stress
fracture. This can result in a big delay in definitive diagnosis and initiation of treatment.

Navicular
Navicular stress fractures are one of the more common stress fractures
(17), especially in runners and basketball players (18). These stress fractures can present as partial or complete fractures. In type I, a fracture of
the dorsal navicular cortex is present, type II fractures disseminate into
the navicular body and type III fractures extends to a second cortex of
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the navicular. Severity of the fracture is believed to correlate with the
outcome (19).

Proximal fifth metatarsal
The proximal fifth metatarsal stress fracture is mainly seen in soccer,
football and basketball players (4, 20, 21). Several theories about risk
factors like cavovarus foot (22, 23) and curved type fifth metatarsal
bone in the medial oblique radiograph(23) have been reported. Different prognostic factors like Torg classification(24), zones according
to Lawrence(25) and the plantar gap (26) might predict outcome and
guide treatment. A plantar gap of more than 1 mm or Torg 2 or 3 fractures are likely to have the most prolonged healing time (26).
Whereas the impact of these three lower leg stress fractures can be
severe in this active population, identifying the best treatment options
that allow an early return to sport or activity is much needed. However,
it remains unclear which option is most effective (27, 28). The purpose
of this systematic review is to compare surgical and conservative treatment for high risk stress fractures of the lower leg on return to activity,
work and sport.

methoDs
The protocol for this study was registered in the PROSPERO database
(CRD42013004201). The review is reported according to the 2009
PRISMA Checklist (29).

search strategy
The following electronic databases were systematically searched: Central via Cochrane Library, MEDLINE via PubMed, EMBASE, CINAHL and
SPORTDiscus via EBSCO-host from inception to 26 March 2013 and PEDro from inception to 9 April 2013. The general search terms were ‘tibia’,
‘navicular’ and ‘metatarsal’ to identify the right location. For the right
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condition, we used ‘stress fracture’ and ‘fatigue fracture’. ‘Conservative
treatment’ and ‘surgery’ were added to look for treatment studies and
their outcome with ‘treatment outcome’, ‘return to sports’ and ‘fracture
healing’. The reference lists of relevant reviews and included studies
were screened for additional articles.

selection criteria
Because of the expected low number of randomised controlled trials
(RCTs), other study designs such as non-randomised trials and prospective cohorts with or without a comparison were included as well. Case
series were included only if the sample was consecutively collected
and number of patients was at least 10. No time or language restriction
was applied. Male and female samples of all age groups, athletes or
non-athletes, with stress fractures to the anterior tibial cortex, navicular
bone or proximal fifth metatarsal undergoing surgical or conservative
treatments (including rest) were included. The primary outcome was
time to return to activity, work and sport. Secondary outcomes were
time to healing (clinical and radiological), complication rate (eg. refractures, non-unions, post-operative infections) and economic data.

Data extraction
Study selection and data extraction were performed by two review authors (WHM and HW), independently. Disagreements were discussed
in a consensus meeting and a third reviewer (C-WCL) made a final decision if disagreements persisted.
Titles and abstracts were screened for eligibility. After initial selection,
full article review was performed and a reason for exclusion provided
at this stage. The following data were extracted from included studies:
study design, sample source and size, participant characteristics, time
from onset of symptoms to diagnosis and start of treatment, type of
treatment, timing of follow-up assessments and data on the primary
and secondary outcomes. Data were extracted for all follow-ups available in each included study. The full text screening form and the data
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extraction form were specially created for the review and were piloted
before use.

strategy for data synthesis
Data were presented per fracture location (anterior tibial cortex/navicular/proximal fifth metatatarsal), by type of treatment (surgical or
conservative) and, if available, by the type of comparator. Time units
of the outcomes were converted (if needed) and presented in weeks,
other time units were converted and presented in months. If enough
studies were present that were clinically and statistically homogeneous
and data were adequately reported, a meta-analysis was performed using a fixed-effects model. In case of statistical heterogeneity, a randomeffects model was used. If meta-analysis was not possible, results were
reported in a descriptive manner. The need to explore for statistical
heterogeneity was determined by a combination of visual inspection
of the results (eye-ball test) and an I² greater than 40%.
For all continuous outcomes, a standardized mean difference was
calculated when studies used different methods to measure the same
outcome, or weighted mean difference and SDs if the same methods
were used. Between-group differences were reported with 95% CoCIs.
For dichotomous data, risk ratios and 95% CIs were calculated. Categorical data were presented in a descriptive manner.

risk of bias assessment
Two review authors performed the risk of bias (RoB) assessment (WHM
and HW) using the Cochrane collaboration Risk of Bias tool. Disagreements were discussed in a consensus meeting and a third reviewer
(C-WCL) made a final decision if disagreements persisted. The following
items were assessed: random sequence generation, allocation concealment, blinding of outcome assessment, incomplete outcome data,
selective outcome reporting and other sources of bias. The items were
scored: low risk, high risk or unclear risk according to the descriptions
in the latest version of the Cochrane handbook (30).
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The overall quality of the evidence and strength of recommendations
was evaluated using the GRADE approach (31, 32). The quality of the
evidence for a specific outcome is based on five principal domains: (1)
limitations (due to ,eg, RoB), (2) consistency of results, (3) directness
(ie generaliability), (4) precision (sufficient data with narrow CIs) and
(5) other limitations (eg publication bias). To improve the readability of
this review, GRADE tables were to be generated only when two or more
studies were to be analysed for a given comparison. Single studies are
considered to provide “low” or “very low quality evidence”, depending
on whether they are associated with a low or high RoB, respectively.
In addition, GRADE tables were generated for the primary outcome
measures only. The following levels of the quality of the evidence were
applied:
High quality: Further research is very unlikely to change the level of
evidence. There are sufficient data with narrow CIs. There are no known
or suspected reporting biases.
Moderate quality: Further research is likely to have an important
impact on confidence in the estimate of effect and may change the
estimate; one of the domains is not met.
Low quality: Further research is very likely to have an important impact on confidence in the estimate of effect and is likely to change it;
two of the domains are not met
Very low quality: Great uncertainty about the estimate; three of the
domains are not met.

resuLts
The systematic search yielded a total of 927 hits resulting in 540 unique
references for screening (figure 1). During full article review of the
93 articles that met the inclusion criteria following title and abstract
screening, most articles were excluded because the number of cases
was lower than 10, or the fracture was not caused by repetitive stress.
Eighteen small studies, 16 retrospective case series and 2 prospective
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Records identified through
database searching
(n = 925)

Additional records identified
through other sources
(n = 2 )

Records after duplicates removed
(n = 540)

Records excluded
(n = 447)

Records screened
(n = 540 )

Full-text articles assessed
for eligibility
(n = 93 )

Studies included in
qualitative synthesis
(n = 18 )

Studies included for
Anterior Tibial Cortex
(n = 2 )

Studies included for
Navicular Bone
(n = 8 )

Full-text articles excluded,
with reasons
(n = 75 )

22:
13:
10:
9:
7:
5:
4:
5:

<10 cases
no stress fractures
not correct location
insufficient data
review
not primary treatment
not consecutive
other reasons

Studies included for
Fifth Metatarsal
(n = 8 )

Figure 1. PRISMA flow diagram

cohorts, were appropriate for inclusion in this review: 2 for the anterior
tibial cortex, 8 for the tarsal navicular and 8 for the fifth metatarsal. The
characteristics per study are presented in table 1.
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Retrospective case series

Prospective cohort

Retrospective case series

Retrospective case series

Retrospective case series

Retrospective case series

Benazzo et al.

Bojanic et al.

Burne et al.

Khan et al.

McCormick et al.

Saxena et al.2000

Navicular

49

C

S (2)

C&S

S

C

19 (22)

10

Unknown

AC = unknown
18

Vitalization, BG and when needed 4.0mm cancellous screw 4

AC = splint 2 wk, NWBC 4 wk, than NWB boot 4 wk

Vitalization (7xIncl.BG) and 2x 4.0 /1x 2 4.5 cannulated
screws, 1x 4.0mm screw

5 no limitations, 40 AL, 22 NWBC >6 wk, 13 NWBC 2-5 wk 80

AC = unknown

6

Bone graft / internal fixation / both

S

11

17 (18)

13

17

82 (86)

2:NWBC>6wk 1:NWB 6wk 2:NWB>1wk 6:WB

NWBC 6-8wk

Electrostimulation 24h until healing or improvement

Rest from sports (6 months (3-10))

C&S

C

C

C

C

Retrospective case series

Orava et al.

Immobilization and trainingrestriction

11 (14)

C

Retrospective case series

Sample size

Johansson et al.

Treatment Treatment details
n (fractures)

Study design

Anterior Tibia

Reference

Table 1. Study characteristics

9 : 10

7:3

51 : 31

3:8

8:9

4 : 17 *

6:2

3:8

M:F

Sex

A

A

Level of sport

27.2 (17 - 48)

28.7 (18 - 54)

20.2 (14 - 39)

24.6 (13 - 49)

20.1 (17 - 34)

xx

A / 3 NA

A

A

A

21.8 (17 - 29) * A

24.6 (18 - 32)

27.2 (11 - 44)

yr (range)

Age

36.5 (8 - 62)

42.4

33 (6 - 108)

> 12

33.9 (14 - 69)

xx

36 (24 - 60)

mnths (range)

FU time
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Retrospective case series

Retrospective case series

Saxena et al.2006

Torg et al. 1982
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Retrospective case series

Prospective cohort

Retrospective case series

DeLee et al.

Ekstrand et al.

Josefsson et al.

Chuckpaiwong et al. Retrospective case series

Fifth Metatarsal

Study design

Reference

Table 1. Study characteristics (continued)

14
6
14

Unknown
13 WB permitted & optional elastic bandage / 1 plaster
cast 3 wk

C
C

20
Unknown

S

10

C&S

AC = NWBC 2wks, gradual WB progression with foot
protection

8

4-6 wk NWBC followed by 4-8wk functional splint

C
7 ASIF screw, 3 Lienbach screw

21

S

29
Unknown

19

S (3)

10 NWBC 6-8 wk, 4 WBC (duration not specified), 5 AL

AC = NWBC 6 wk

C&S

C

2

1 open reduction and internal fixation, 1 BG

S

6
19 (21)

6wk NWBC followed by WB 2-6wk until pain free

AC = 6wk NWBC followed by WB 2-6wk until pain free
C &S

C

13

S (1)

Open reduction and internal fixation

19

Sample size

C&S

Treatment Treatment details

14 : 0

20 : 0

9:1

22 : 7

17 : 2

2:0

19 : 2

2:4

6:7

Sex

24.7 (16 - 45)

23 (18 - 33) *

21 (18 - 28)

27.6 (12.4)

21.8 (15 - 42)

21.5 (16 - 30)

26.2 (16 - 40)

Age

xx

A

A

A / 3 NA

A

xx

Level of sport

240 (144 - 312)

xx

14.5 (10 - 27)

xx

20.8 (4 - 42)

> 24 (3: >12)

FU time
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Retrospective case series

Retrospective case series

Retrospective case series

Retrospective case series

Lee et al.

Nagao et al.

Pecina et al.

Popovic et al.
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S

A

A

A

A

Level of sport

AL: activities limitations
AC: aftercare
BG: bone graft

3) Surgery if displacement>2-3mm, competitive athletes,

without progression >3months, not willing conservative

treatment, abnormal sclerosis at fracture site (Torg2/3)
PC: percutaneous

NWB: non-weightbearing
WB: weightbearing

2) Surgery: T2 and 5 patients secondary after 6-12wk NWBC

NA: non-athletes

20.6 (19 - 22)

20.5 (18 - 23)

21 (16 - 26)

19 (15 - 31)

19.8 (13 - 33)

Age

A: athletes

xx

19 : 1

59 : 1

71 : 2

Sex

WBC: weightbearing cast

7

11

18

20

60

73 (75)

Sample size

NWBC: non-weightbearing cast

AC = NWBC 3wks than WBC 3wks

Open 4.5mm malleolar screw with BG

S

AC = NWBC 3 wks followed by WB hardsole shoe & AL >6
wk

4.5mm malleolar screw

AC = WB & shoe insoles during sport

47 Acutrak / 13 Plus headless compression screw fixation

AC = NWBC 6 wk followed by boot and WB

19 T1 & 43 T2: tensionband wire / 13 T3: with BG

17 PC 4.5mm malleolar screw, 1 stainless steel 6.5mm
cancellous screw

S

S

S

S

Treatment Treatment details

1) Surgery: all T2,3 except 1xT2 and 1xT3

* Including other fractures

Study design

Reference

Table 1. Study characteristics (continued)

FU: follow-up

37.2

123.6 (42 - 228)

44.5 (5 - 110)

xx

FU time
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risk of Bias assessment
All studies had a high risk of selection bias since there were no RCTs
identified (table 2). In addition, risk of detection bias was high when
there was no blinding of the outcome assessor (6, 19, 33-36) or unclear
when blinding was not reported (15, 20, 21, 37-41). Some studies were
clear and complete in their data-reporting, resulting in a low risk to attrition and reporting bias. Risk of other biases was high, because most
studies used a retrospective design.
Table 2. Cochrane Risk of Bias assessment – web appendix
Detection
bias

Selection bias
Study

Random
sequence
generation

Blinding of
Allocation
outcome
concealment
assessors

Attrition
bias

Reporting
bias

Incomplete
outcome
data

Selective
outcome
reporting

Other
bias

Anterior tibia
Johansson et al

-

-

?

+

?

-

Orava et al

-

-

?

-

?

-

Navicular
Benazzo et al

-

-

-

-

-

-

Bojanic et al

-

-

-

+

+

+

Burne et al

-

-

?

+

?

-

Khan et al

-

-

?

-

?

-

McCormick et al

-

-

-

+

-

-

Saxena et al(19)

-

-

-

-

-

-

Saxena and
Fullem(36)

-

-

-

-

-

-

Torg et al

-

-

-

+

-

-

Fifth metatarsal
Chuckpaiwong et al

-

-

?

-

-

-

DeLee et al

-

-

?

+

?

-

Ekstrand et al

-

-

?

+

+

+

Josefsson et al

-

-

?

+

-

-

Lee et al

-

-

?

?

?

-

Nagao et al

-

-

?

+

?

-

Pecina et al

-

-

-

+

-

-

Popovic et al

-

-

-

+

-

-
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Anterior tibial cortex
No studies comparing surgical and conservative treatment were found
(table 3). Two small retrospective case series (n = 14 and 17) were included, resulting in very low-quality evidence (15, 39). Patients were all
recreational or elite level athletes, aged between 11-44 years old. After
a delay from onset of symptoms until treatment of up to 36 months, all
patients were initially treated with rest from sports and/or immobilization (method unspecified). Johansson et al (15) reported a return to
sports rate of 55%. Orava et al (39) found a time to return to sport of
24 weeks (range 12-40) for the healed fractures but the non-unions
returned to sport 28.4 weeks (16-64) after subsequent surgery. In total
13/14 (93%)(15) and 9/17 (53%) (39) anterior tibial stress fractures did
not unite after initial conservative treatment. Of these patients, 13
needed secondary surgery consisting of transverse drilling and excision of the granulated tissue and in some cases autologous bone graft
was added. No studies were identified that reported on initial surgical
treatment.
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McCormick et al

14.8 (1-36)

n=6

24 (17-32)

All

S

xx

21

4.3

n=6
24 (12-40)

15.2

4 (3 days-5
years)

4.8 (1-15)

3.3

7.5

7 (3-24)

S

C and S

Khan et al

RT sport

RT activity

RT work

xx

xx

xx

(14-20)

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

Month (range) Weeks (range) Weeks (range) Weeks (SD)

Onset until
treatment

Primary outcomes

C

C

C

Bojanic et al

Burne et al

C

Benazzo et al

Navicular

C

C

Johansson et al

Orava et al

Anterior tibial cortex

Reference

Table 3. Study outcomes

Non-unions

Clinical
healing

xx

xx

208 (57-796)

xx

8,6 (4-10,7)

xx

xx

xx

xx

3/11 at 4 yrs

Xx

is Clinical
healing

is RT sports

xx

2

39

1

xx

0

0

9

13

Weeks (range) Weeks (range) (delayed)

Radiological
healing

Complications

Secondary outcomes

xx

xx

4

1

0

1

xx

Re-fractures

1 SI

xx

xx

xx

xx

xx

xx

Post-operative
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8.5 (7-14)

(3.0-18.0)

S

C and S

DeLee et al

Ekstrand et al

xx

15.2±10.5
26.3±11.0

xx

S

C and S

28 (26-30)
21 (11-48)

S

C

14.8±6.4

2.25 (0.5-6)

C

7.2 (0-38)

16.4±4.8

25.5 (3-240) ‡

S

C and S

†

C and S

17.2 (12-52)

C

Chuckpaiwong
et al

Fifth
metatarsal

Torg et al

Saxena and
Fullem(36)

12.4 (6-20) *

C

xx

xx

xx

xx

xx

xx

xx

xx

Primary outcomes

S

Saxena et al(19) C and S

5.0 (1 day-4
years)

Table 3. Study outcomes (continued)

is RT sport

xx

2.5 (0.8)

3.2 (2.2)

xx

xx

xx

xx

xx

is RT sport

4.5 (3-6)

xx

xx

xx

xx

xx

Xx

xx

7.5 (6-8)

19.2 (21.6)

39.2 (87.6)

xx

xx

xx

xx

xx

Secondary outcomes

0

1

0

2

1 (1)

0

0

0

xx

Complications

0

0

3

0

0

0

xx

5

xx

0

3 HWR

xx

0

1 HWR

0

1 HWR
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0.7 (0.5-0.8)

1 (0.8-1.3)

6.3 (3-12.7)
xx

xx
xx

xx

xx

xx

xx

7.1 (6-9.2)

6 (5-8)

All at final FU

xx

xx

All at final FU

10.1 (8.6-10.5)

11.3 (9-11.8)

xx

8.8 (4-20.1)

is RT sport

13 at final FU

Secondary outcomes

Complications

xx

xx

2 (1)

9¶

0

1

0

¶(8T2, 1T3//8 had >1mm plantair gap).
** (4T1, 2T2//>1mm 3, <1mm 3).
C, conservative; FU, follow-up; HWR, hardware removal; RT, return to; S, surgery; SI, superficial infection

12 (12-12)

12.2 (11-17)

9 (5-14)

11.2 (6-25)

14.1 (5.7-30.3) § xx

xx

§ T1: 10,1(3,1), T2: 14,9 (7,8), T3: 17,6 (7,4) gap <1mm 10,1 (4,3) >1mm 18,1 (7,4).

*Include 5 previously conservative treated patients
†(T1: 15.2±6.8, T2: 14.8±3.2, T3: 16.8±0.3).
‡Without 240: 7.7 (3-24).

S

S

S

Popovic et al

xx

xx

S

S

Nagao et al

Pecina et al

xx

S

Lee et al

All

9.9 (8.4-11.1)

0.07 (0-0.7)

C

Josefsson et al

C

Primary outcomes
12 (6.1-17.6)

S

Table 3. Study outcomes (continued)

0

3

1

0

6**

2

3

5
xx

xx

0

0

xx
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Navicular
No RCTs were identified (table 3). A total of eight studies, seven retrospective series and one prospective study, were found, describing 200
fractures. Only three patients were non-athletes, the rest were athletes
of recreational or elite level. Their median age was in the mid-20s. The
mean time from onset of pain until treatment was 2 months and ranged
from immediate treatment to five years delay. The received conservative and surgical treatments varied widely among studies and the data
reported on return to sport and time until healing were skewed, so it
was not possible to perform a meta-analysis.
Four retrospective case series included surgically and conservatively
treated patients (6, 19, 36, 38). Two studies reported an earlier return
to sport after surgical treatment compared with conservative treatment (19, 36). In one study this difference was statistically significant
(average: 12.4 vs 17.2 weeks), but with great dispersion (range: 6-52
weeks)(19). A second study by the same authors showed no significant
differences between the two treatments (14.8 versus 16.4 weeks) (36).
The weighted mean time to return to sport was 16.4 weeks in the surgically treated patients (6, 19, 36, 38) and 21.7 weeks in patients treated
conservatively with non-weightbearing cast (NWBC) > 6 weeks (6, 19,
34, 36, 38). Khan reported no difference in successfully return to sport
within 12 months between conservative and surgically treated patients
(86% vs. 83%, respectively). The success rates of NWBC<6 weeks and
weightbearing (WB) treatment were lower than 50% (38). More severely classified fractures that extend to the opposite cortex (Table 3)
may prolong the time to return to sport(19, 36), but a diagnostic delay
did not (19).
Two retrospective case series reported on the effects of conservative
treatment only. Benazzo et al (33) evaluated the application of electrostimulation (n=13) and reported an average time to clinical healing of
8.6 weeks (range 4-10.7). Burne et al reported an average time to clinical healing of 4 years (range 1.1-15.3 years). None of the other included
studies provided data on time to healing.
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Adverse events were generally poorly reported (low-quality reporting). They were reported in five studies. Of the 35 surgically treated patients, complications included two hardware removals, one non-union
and one superficial infection treated with oral antibiotics. In the 165, 39
treatment failures consisted of 32 in the WB group (38), as well as two
non-unions and three delayed unions in the WB-group. This WB group
also had 13 refractures (6, 19, 34, 37). There was an 80% treatment success among the patients treated with NWBC and a 29% success among
the patients treated with some form of WB rest or immobilisation (38).

Proximal fifth metatarsal
A total of 246 cases from eight studies were eligible for inclusion
(table 3). The athletic level of the participants was mainly elite and their
age ranged between 13-45 years. One study looked at conservative
treatment (41), five studied surgical treatment (20, 26, 42-44) and two
studied both (21, 40). Different types of conservative and surgical treatments were administered. No RCTs were identified, one study used a
prospective design (21) and all other studies were retrospective case
series.
Of the two studies that included surgically and conservatively
treated patients, Chuckpaiwong et al reported a significant quicker
return to sport for surgical treatment (mean 15.2 weeks, SD 10.5 weeks)
compared to conservative treatment (mean 26.3, SD 11.0weeks). In
addition, one out of the eight conservatively treated patients required
secondary surgery due to non-union of the fracture. The other study, a
prospective cohort by Ekstrand et al, reported an earlier return to sport
for the conservative group of 9.9 weeks vs 12 weeks for the surgical
group, but the range was wide and this difference was not statistically
significant. Of the 6 patients treated conservatively, three refractures
and one non-union occurred while 5 of the 14 patients treated surgically had a refracture and no non-unions occurred. When all eight studies were pooled together, the weighted mean time to return to sport
was 13.8 (SD 2.8) weeks in the surgically treated patients and 19.2 (SD
6.3) weeks in the conservatively treated patients.
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Radiological fracture healing was mainly evaluated by using radiographs. Mean time of healing in the surgical group ranged from 7.5
(20) till 39.2 weeks (40). In the conservative group, this was 19.2 weeks
based on one small study (40). Surgically treated patients had a nonunion rate of 4.6% and a refracture rate of 6.9%. No infections or wound
complications were reported. Conservatively treated patients had a
non-union rate of 7.1% and a refracture rate of 17.9%.
No economic data was found for any of the fracture locations. Overall,
the evidence was scored as ‘very low quality’.

DiscussioN
The main goal of the present study was to compared the time to return
to sport, activity and work after conservative or operative treatment
of stress fractures of the anterior tibial cortex, the navicular bone and
the fifth metatarsal. We found very low-quality evidence only and it
remains unclear whether surgery is more effective than conservative
treatment for high-risk stress fractures of the lower leg. The key issues
depicted by this review are the small number of studies, the small
sample sizes, and the high RoB of the studies. Also, there were only
two cohorts of which only one included both surgery and conservative
treatment. According to the GRADE approach, the level of evidence is
of very low quality, suggesting that there is great uncertainty about
the effect estimate. It would be inappropriate to draw firm conclusions
about a possible superior therapy.
The methodology applied to the search and selection of articles for
inclusion is one of the strengths of this review. All major databases were
systematically searched without restrictions in language. To minimize
outcome bias, we only included studies with a consecutive series of 10
or more patients. For the first time in stress fracture reviews, adequate
quality assessment of included studies was performed to reveal the

59

3

Chapter 3

methodological weakness of current literature on which we base our
treatment policies.
Several reviews already reported advice on best treatment (27, 28,
45), even though little and poor evidence on conservative and surgical
methods was available. Importantly, we found no RCTs and no direct
comparison between surgical or conservative treatment; hence, the
quality of evidence was very low. Furthermore, as stated in a comment
on the navicular stress fracture review by Torg et al (46), there is a lack
of focus on different fracture types (table 4). This statement might be
applicable to all three high demand stress fractures, since it is likely
that outcomes differ with severity of the fracture.
No studies collected economic data; therefore, the cost or costeffectiveness of either conservative or surgical treatment is unknown.
Table 4. Fracture classifications
Classification

Navicular (Saxena et al(19)

Fifth metatarsal (Torg)

T1

Dorsal cortical fracture

No intramedullary sclerosis, a fracture line with sharp
margins, no widening or radiolucency, minimum cortical
hypertrophy or evidence of periosteal reaction

T2

Dorsal fracture into navicular body

Fracture line involving both cortices, associated periosteal
new bone; a widened fracture line with adjacent
radiolucency and evidence of intramedullary sclerosis

T3

Fracture extends to second cortex

Wide fracture line with periosteal new bone and
radiolucency, complete obliteration of the medullary canal
at the fracture site by sclerotic bone

Anterior tibial cortex
The lack of evidence for initial surgery refrain us from comparing
surgery and conservative treatment. The few results for conservative
treatment provide worrying outcomes as most patients did not return
to their previous level of sport and there was a high rate of non-union
was found. Clinicians must keep these results in mind and explain the
difficulties in anterior tibial stress fractures to their patients. Extensive
follow-up of conservatively treated is advised to assess proper healing
and to intervene if non-union occurs.
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Small case series not included in this review, which studied (secondary) tension band plating, report interesting time to return to sport of
approximately 3 months. This was achieved without major complications in union or infection (47, 48). However, further evaluation of
surgical results in larger studies is needed.
Creating awareness of this condition and a better diagnostic approach
potentially reduces the time between the onset of symptoms until start
of treatment, as this was reported to be quite extreme in most cases
(13, 15).

Navicular
Significant differences could not be calculated; however, current data
suggest that surgical treatment results in an earlier return to sport
(16.4 vs 21.7 weeks). Postoperative complications were rarely reported
(table 2). Among conservatively treated patients, the complication
rates were high, especially delayed unions and refractures. A NWBC
treatment of at least 6 weeks results in less treatment failures than
conservative treatment without non-WB immobilisation (38) Therefore,
this would be the conservative treatment of choice. The surgical methods were different in reviewed studies, all using screws for internal
fixation and in some with additional bone graft. Unfortunately, data
are insufficient to depict the best surgical treatment.
Owing to the lack of RCTs and non-randomised trials (comparison
studies), we could not perform a statistical comparison between
pooled surgery and conservative outcomes. This is in contradiction to
the review by Torg et al (28) where a comparative meta-analysis was
performed. Their review also included case reports, thus limiting the
level of evidence provided. This could have introduced a considerable
RoB, which was not assessed. Some studies included very few cases,
but in the performed meta-analysis, data were not weighted according
to study size. In addition, the already low numbers of surgical cases
included in their analysis were secondary treatments due to delayed
union or non-union after conservative treatment. More importantly,
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no significant difference between surgical treatment and NWBC was
found.
With these limitations in mind, appropriate advice for standard of
care cannot be made.

Proximal fifth metatarsal
Patients with this type of fracture must account for time away from
sports of approximately 14 weeks. Significant differences could not be
calculated; however, surgical treatment resulted in an earlier return
to sport (13.8 vs 19.2 weeks). Union problems and refractures seem
less prevalent after surgical treatment. Conservative treatment details
were limited, consisting of WB and non-WB protocols. Unfortunately,
evidence is still lacking to advise on one adequate method. Operative treatment varied, but is mostly based on providing compression
by means of an intramedullary screw fixation or tension band wiring.
Even though sclerotic aspects of the fracture are seen on radiographs
(eg, Torg 3 fractures), it is not mentioned that surfaces are revitalised
prior to compression. This is a known procedure in fracture non-union
surgery and might be of additional value.
Furthermore, the distinction and interpretation of stress fractures
or Jones’ fractures can be difficult; therefore verification by contacting
the authors was needed to ensure inclusion of stress fractures only and
reduce possible selection bias. Though some claim this differentiation
is not necessary (40) Kerkhoffs et al (27) showed a difference in outcomes between these fracture types. The same review advised surgical
treatment in high-level athletes, but evidence was restrained from
RoB assessment, which appears to be considerable. Roche et al (49)
reviewed proximal metatarsal fractures as well; however, the outcomes
of both stress and acute fractures were interpreted as one group and
are therefore different from the current study.
All included studies had a high RoB and the evidence was of very
low quality. Future studies should include larger sample sizes and use
more valid study designs. Although it might be difficult to perform
randomised controlled trials because of the small number of eligible
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patients and their professional athletic background, at least a prospective study design should be used including all patients and with time
to return to activity, work and sport as main outcomes. Complication
rates of high-risk stress fractures are high, especially for the anterior
tibia. To monitor outcomes and complications, follow-up needs to be
long enough to measure these outcomes. At present, it remains unclear whether surgery is more effective than conservative treatment for
high-risk stress fractures of the lower leg.
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ABstrAct
Background Fifth metatarsal (MT-V) stress fractures often exhibit
delayed union and are high-risk fractures for nonunion. Surgical treatment, currently considered as the gold standard, does not give optimal
results, with a mean time to fracture union of 12-18 weeks. In recent
studies, the use of bone marrow cells has been introduced to accelerate healing of fractures with union problems. The aim of this randomized trial is to determine if operative treatment of MT-V stress fractures
with use of concentrated blood and bone marrow aspirate (cB + cBMA)
is more effective than surgery alone. We hypothesize that using cB +
cBMA in the operative treatment of MT-V stress fractures will lead to an
earlier fracture union.
methods/Design A prospective, double-blind, randomized controlled trial (RCT) will be conducted in an academic medical center
in the Netherlands. Ethics approval is received. 50 patients will be
randomized to either operative treatment with cB + cBMA, harvested
from the iliac crest, or operative treatment without cB + cBMA but with
a sham-treatment of the iliac crest. The fracture fixation is the same
in both groups, as is the post-operative care. Follow up will be one
year. The primary outcome measure is time to union in weeks on X-ray.
Secondary outcome measures are time to resumption of work and
sports, functional outcomes (SF-36, FAOS, FAAM), complication rate,
composition of osteoprogenitors in cB + cBMA and cost-effectiveness.
Furthermore, a bone biopsy is taken from every stress fracture and
analysed histologically to determine the stage of the stress fracture.
The difference in primary endpoint between the two groups is analysed
using student’s t-test or equivalent.
Discussion This trial will likely provide level-I evidence on the effectiveness of cB + cBMA in the operative treatment of MT-V stress
fractures.
Trial registration Netherlands Trial Register (reg.nr NTR4377)
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BAckGrouND
Marines, soldiers and athletes are prone to fractures due to extensive
and repeated stress on (usually weight bearing) bones (1-4). These
stress fractures develop over time and are therefore different than the
more commonly accounted traumatic fractures. The damage caused by
repeated forces on the bone outruns the natural remodeling process in
loaded bones, resulting in a weak spot or ‘stress reaction’ and eventually a stress fracture (5-7). Due to the increasing sports participation
in the general population and awareness of their existence, these
types of fractures are more frequently diagnosed. Of all stress fractures
of the lower leg, the stress fracture of the fifth metatarsal has one of
the highest incidences, namely up to 25 % (8). This issue is amplified
in the patients that depend on perfect physical condition like professional athletes. In a recent review of the literature, it is described that
operative treatment of fifth metatarsal stress fractures results in smaller
number of delayed unions or non-unions, compared to conservative
treatment (9). Still, the time to return to activity varies from 12 to 18
weeks (9-12).
Compared to a normal, traumatic fracture, stress fractures do not
seem to heal via callus formation, but rather by primary bone healing
with remodeling across the fracture line (7, 13, 14). This process is slower
with a higher propensity to fail, resulting in a complete fracture and
refractory healing, similar to non-union (7, 14). In traumatic fractures
healing starts with formation of hematoma and therewith release of
inflammatory cells. The next phase is recruitment of mesenchymal cells
that differentiate into osteoblasts resulting in primary bone formation
with callus production followed by secondary bone formation, with
bone remodeling. In stress fractures, healing starts with the remodeling phase. Via early woven bone formation, callus is only formed along
the exit point of the fracture towards the medullary cavity (15, 16).
Thus one of the major factors in bone repair seems to be an inflammatory response with the activation of Bone Marrow Stem Cells (BMSCs),
which appears to be the initiating step in the cascade of bone repair.
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BMSCs give rise to the cells that form mesenchymal tissues like bone
and cartilage (17, 18). The exact role of BMSCs (available in cB + cBMA)
in bone formation needs further clarification, but previous studies with
BMSCs have provided evidence for new strategies of bone regulation
(19-21), especially in delayed- and non-union fractures (20-26). To our
knowledge, there are no studies available for the role of cB + cBMA in
stress fractures. In this study, the effect of adding cB + cBMA to operative treatment of MT-V stress fractures on the time to union will be
assessed and compared to operative treatment alone. We hypothesize
that surgery with adding cB + cBMA of MT-V stress fractures results in
faster union times than surgery alone.

methoDs/DesiGN
study design and informed consent
This study is a double-blind, randomized, placebo controlled, multicenter trial, which is conducted in accordance with the Declaration
of Helsinki (27). The methodology will follow the Consolidation of
Standards of Reporting Trials (CONSORT) guidelines(28, 29). Approval
has been obtained from the local institutional review board Medical
Ethical Commitee of the Academic Medical Center, Amsterdam (METC
AMC, study reference number: NL44188.100.13 2013_182). Before
study entry, all patients have to give written informed consent prior to
participation.

randomization
Patients will be allocated to the intervention or shamcontrol group
after signing an informed consent through a block randomization
in random permutated blocks of 4, 6 or 8 patients using “Castor edc”
(30). Randomization will be performed online by the researcher, one
day preoperatively. At the end of the inclusion period there will be
an equal number of patients in each randomization arm. Patients and
X-ray assessors will be blinded to the allocation of treatment during
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the complete study. It is strictly forbidden for the blinded evaluator to
discuss patient treatment with any study personnel. It is also strictly
forbidden for study personnel to discuss treatment allocation with
the patient. The key to the secured allocation data will not be broken
until all patients have completed the study unless it is necessary for
patient safety. This key is with an independent doctor. Patient data will
be stored on hospitals’ server and only the researcher can see this data
files which is stored independent of allocation data.

inclusion criteria
Patients will be considered to be included in this trial if they fulfill all of
the following criteria:
• MT-V stress fracture diagnosed on X-ray (Fig. 1) or other radiologic
imaging
• Skeletally mature
Figure 1. X ray of MT-V stress fracture

a.

b.

Figure 1. X-ray of MT-V stress fracture
a. AP view b. Oblique view
Stress fracture of the MT-V, located in the metaphyseal-diaphyseal junction also called zone 2; or just distally from the intrametatarsal joint (MT-IV/MT-V) in the proximal diaphysis also called zone 3 (41), with sclerosis seen on both fracture sides.
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exclusion criteria
Subjects will be excluded from this trial if they meet any of the following criteria:
• Expected non-compliance; patients who are unable to fill out questionnaires
• Cavovarus deformity of the foot as measured on the Salzmann view
• Current participation in another clinical trial
• Suffering from auto-immune disease
• Receiving biologicals, prednisolone or some kind of chemotherapy
within the previous year
• Concomitant painful or disabling disease of the lower limb
• No informed consent
• Females being pregnant or nursing
• Known active malignancy
• Previous surgery for the present MT-V stress fracture

Device description
The bone marrow required for the cB + cBMA treatment will be harvested from patient’s own iliac crest through needle aspiration. Two 30
cc syringes will be filled with bone marrow. Utilizing the MarrowStim
Concentration System® (Biomet Biologics: Fig. 2) the bone marrow aspirate will be processed in a centrifuge (together with a counterbalance,
3200 rpm for 15 min); the poor cell plasma will be separated from the
nucleated cell concentrate and the cBMA is realized (Fig. 3). No bone
marrow will be collected from the patients within the control group;
only a sham procedure will be performed by creating a similar skin
incision on the same location on the iliac crest, to maintain patients’
blinding.
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Figure 2. Inserting bone marrow aspirate into the device
Insert the bone marrow aspirate into the Marrow Stim device, before putting it in the centrifuge.

Figure 3. Bone Marrow Aspirate after centrifuging

Figure 3. Bone Marrow Aspirate after centrifuging
Bone marrow aspirate after centrifuging (cBMA) with:
upper layer = cell poor plasma; middle layer = nucleated cell concentrate; lowest layer = red blood cells
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standard treatment and investigational treatment
Experienced foot and/or ankle or trauma orthopaedic surgeons will
perform the surgeries of both groups, within 2 weeks after inclusion.
In brief, the proximal fifth metatarsal stress fracture will be approached
and a decortication along the fracture lines will be performed. Part of
this material will serve as a bone biopsy and is send for histological
examination. The stress fracture will be internally fixated, with use of
a cannulated intramedullary compression screw. The remaining material from the decortication will be used as an internal bone graft. The
patients in the intervention group only will receive the cBMA mixed
with 2 ml untreated autologous peripheral blood (cB + cBMA), together
with the internal bone graft and serving as a natural scaffold; it will be
put into and around the fracture. Of the 6 ml cB + cBMA obtained, 4
ml will be added to the fracture site the other 2 ml is used for analysis.
Both groups will receive a similar rehabilitation protocol for the first
8 weeks after operation; first two weeks in a non-weight bearing-cast,
then 2 weeks in a weight bearing cast or walker allowed to have partial
weight bearing, thereafter 4 weeks in a weight bearing cast or walker
without restrictions.

outcome measures
The primary endpoint is the time to radiographic union in weeks.
The secondary endpoints are: time to clinical union, time to return
to work and/or sport (in weeks), union rate at each time point (in %),
patient function and satisfaction (SF-36, FAOS, FAAM), complication
rate and cost-effectiveness (SF-HLQ), compared between intervention
and control group.
During the operation a bone biopsy is taken. This will be histologically analyzed. From the obtained cBMA a 2 ml sample will be analyzed
(flow cytometry and a multiplex assay for detecting CD 31, CD 34, CD
45, CD 90, CD 105, CD 166 amounts, CFU-F assay and mRNA analysis).
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objectives and hypothesis
The main objective is to determine the effect of cB + cBMA on healing
of surgically treated fifth metatarsal stress fractures. We hypothesize
that intramedullairy screw fixation with
cB + cBMA will generate a shorter time to union. Furthermore we hypothesize that the total costs are lower and that there will be a quicker
return to sports or activities.

Definitions
Primary outcome
The primary outcome will be assessed on X-ray in different directions;
on AP view, lateral view and an oblique view. The following will be
scored by two single blinded evaluators (skeletal radiologist and orthopaedic surgeon): correct position osteosynthesis (yes/ no), fracture
line visible (yes/ no), % of fracture line visible, union (yes/ no).
The X-rays will be acquired every 2 weeks until the 14th week and,
after that, only in the patients in which radiological union has not yet
occurred as deemed necessary by the treating physician.
Secondary outcomes
Clinical union will be measured during physical examination. Pain on
axial compression force and pain on the fracture site during palpation
will be monitored through a patient-based VAS score. When patients
still report significant pain, measured as a VAS > 3 on a Visual Analogue
Scale from 0 to 10 (32, 33), clinical union is not yet achieved. Return
to sports is defined as the time (in weeks) to resumption of weightbearing sports after surgery and the level should be maintained for
at least 30 days (34); return to work is defined in the same way. When
returned to sport, but activity level decreases to below the start level
within 30 days after resumption, then this will be deemed as a failed
return to activity and the date will not be counted. From the 6th till
the 14th week, most unions are expected to occur. On each of these
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biweekly time points a union rate will be counted; number of unions at
t = XXX divided by total sample size (%).
The SF-36 is a patient-administered, generic health related quality of
life instrument (35, 36). The FAOS was developed to assess the patients’
opinion about a variety of foot and ankle-related problems (37). The
results can be presented as an outcome profile. The FAAM is a 29-item
questionnaire. The FAAM consists of 2 subscales: Activities of Daily Living and Sports (38).
Cost-effectiveness is analyzed using the The EuroQol (EQ-5D) (39, 40)
and the SF-36, FAOS, FAAM as measurement for effectiveness of treatment. Costs are calculated from the SF HLQ (41, 42) and the cost of the
investigated intervention. The questionnaire consists of 11 questions
and provides information about labor (missing) costs and additional
paid working hours.

resuLts
Adverse events
Any (serious) adverse event during the trial period will be recorded.
Adverse events are defined as any undesirable experience occurring
to a patient receiving an investigational medical device that does not
necessarily have to have a causal relationship with the device under
investigation, e.g. infection, numbness, or paraesthesia. A serious adverse event (SAE) is any undesirable experience associated with the use
of the investigational treatment that results in death, is life threatening
(at the time of the event), requires hospitalization or prolongation of
existing inpatients’ hospitalization, or results in persistent or clinically
relevant disability or incapacity. All SAEs will be reported to the local
Medical Ethics Committee within 15 days according to the regulations.

Data collection
Data for this clinical trial will be collected and documented on specially designed subject Case Report Forms (CRFs) provided digitally.
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Authorized study site personnel will complete CRFs only. CRFs will be
reviewed and signed by the Investigator or his/her designees. Since
there is a potential for errors, inaccuracies, and misinterpretation in
transcribing data onto the CRFs, the following documents are available
at all times for inspection and comparison to the CRFs by the study
monitor where appropriate: data query forms, originals and certified
copies of all relevant records and reports, copies of test results. On CRFs
and patients’ cB + cBMA samples, patients will not be identified by their
names but by an anonymized code. The subject identification code list
will be safeguarded by the investigator only.

Data acquisition and follow-up
Participating patients will be assessed at the following time points
(Table 1):
- before inclusion: information letter, complete reliability checklist
- preoperatively (after an enrollment period of two weeks): informed
consent, complete reliability checklist, baseline characteristics
(age, gender, weight, height, affected side, duration of symptoms,
smoking status, AAS before symptoms and at preoperative assessment, past medical history, medication used), type of sport and
profession, local physical examination with VAS, laboratory assessment (Hemoglobin levels, leucocytes, sodium, potassium, urea and
creatinine), FAOS, FAAM, SF-36, EQ-5D, SF HLQ, X-ray (AP oblique
and lateral);
- intraoperative: cB + cBMA preparation and administration, bone
biopsy of the fracture site, right after internal fixation an X ray (AP,
oblique and lateral) and an operative form (surgical information)
with complications and (S)AEs if applicable;
- biweekly 2-14 weeks postoperatively: wound inspection, local
physical examination with VAS, FAOS, FAAM, SF-36, EQ-5D, TiC, Xray (best view for analyzing the fracture), resumption of sports and
work, complications and (S)AEs;
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X
X
X
X

Questionnaires

Radiographic assessment

Complication (form)

Adverse events, withdrawals & re-operation (form)

X

X

X

X

X

Lab assessments

X

- Bone biopsy fracture site

X

Complete physical examination (form)

- cB+cBMA preparation and administration

X

Complete medical history and baseline characteristics
(form)

X

X

Complete eligibility checklist

- Operative form (surgical information)

X

Obtain written informed consent

X

X

Information letter

Intra-operative

Surgery

Pre-operative

Action

Screening and Follow-Up Clinical and Radiographic Exams

Table 1. Schedule for screening and follow-up of included participants

X

X

X

X

X

Follow-Up Visit
(biweekly 2-14 weeks)

X

X

X

X

Follow-Up Visit Until Union (biweekly)
(> 14 weeks, determined by physician)

X

X

X

X

X

6 month
follow-up visit

X

X

X

X

X

1 year
Follow-Up visit
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-

six months postoperatively: local physical examination with VAS,
FAOS, FAAM, SF-36, EQ-5D, TiC, X-ray (best view for analyzing the
fracture), resumption of sports and work, complications and (S)AEs;
- one year postoperatively: local physical examination with VAS,
FAOS, FAAM, SF-36. EQ-5D, TiC, X-ray (best view for analyzing the
fracture), resumption of sports and work, complications and (S)AEs
If union is not yet achieved after 14 weeks, patients are seen as determined by the responsible physician. At every subsequent visit at
least an X-ray is made to be able to evaluate the status of the fracture
(primary outcome).

Withdrawal of subjects
Subjects can leave the study at any time for any reason if they wish
to do so, without any consequences. The investigator can decide to
withdraw a subject from the study for urgent medical reasons. Subjects
will not be replaced after withdrawal. Data of a withdrawn subject will
be used, but we will delineate from which visit (time point) data is incomplete and (if known) why the subject is sequestered. To investigate
why subjects are withdrawn, they will be contacted by telephone and/
or letter to assure the reason for their withdrawal and to ask them to
come in for an optional final visit.

sample size
The sample size calculation was performed based on time to radiological union. Significance level was set at p < 0,05. In recent studies, the
mean time to union was 12 weeks (11, 12). We argue that reducing
this with 2 weeks would be clinically relevant: Group 1 (without cB +
cBMA) has a mean of 12 weeks, group 2 (with cB + cBMA) a mean of 10
weeks. As the standard deviation is difficult to determine, we estimated
SD with use of the method described by Walter and Yao (43), which
resulted in an SD of 1.88 weeks.
To achieve a power of 90 % (with an effect size of 1,06) we need a
number of 20 patients in each group. Taking into account a possible
dropout-rate of maximally 20 %, we need 25 patients in each random-
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ization arm. This calculation will be validated and altered as needed
after the interim analysis according to O’Brien (44) and performed
when 10 patients enrolled in each arm (40 %) have reached the 14
weeks’ time point. This analysis reduces the significance of the final
comparison of the primary outcome to p = 0.049. When a difference
of ≥3 weeks between the means of the primary outcome among the
groups is detected (SD 1.88) at the interim analysis; a significance is
already found (p = 0.003).

statistical methods
An online, quality-assured, digital database will be created containing
the data. The analyses will be performed with SPSS statistical package
(version 17.0; SPSS, Chicago, Illinois). Patient’s demographics, gender,
age, height, weight, affected side will be described for both treatment
groups and safety will be assessed by identifying and summarizing
complications and other clinically relevant adverse events collected
throughout the study. Continuous data will be presented as the mean
(and standard deviation) if normally distributed (according to Fischers exact or eyeball test); otherwise, the medians (with range) will be
reported. Dichotomous data will be presented as frequencies (with
accompanying percentages).
To check the distribution of the baseline characteristics, the treatment groups will be compared using Student’s t-tests or chi-square
tests, depending of the type of outcome measure.
The primary endpoint – number of weeks until patients achieved
radiological union postoperatively – will be analyzed using a student’s
t-test or equivalent; this parameter will be used for clinical union as
well. A chi-square test will be used to analyze union rate at each time
point, and a student’s t-test will be used to determine statistical differences in time to return to work and/or sport. Patient reported outcome
measures will be analyzed using a student’s t-test or repeated measures
ANOVA.
Risk factors for the development of healing problems (such as smoking behavior, BMI, and age) will first be identified using univariate
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analysis (t-tests, chi-squared tests). In case of significance (significance
level will be set at 0.1), the risk factors will be entered in a multivariate
logistic regression model. The cBMA analysis will be reported as absolute cell count and in % of cell types. Data on the bone biopsies of the
stress fractures will be descriptive.
A comprehensive, updated sample size justification and statistical
plan will be created together with an interim report after the interim
analysis.

Quality assurance
A clinical research associate from our Clinical Research Unit will monitor the trial. Monitoring will consist of 100 % check informed consent
procedure, registration of adverse events, completeness of the trial
master file, and verification of source data (primary outcome in a 10
% sample).

Public disclosure and publication policy
This trial has been registered in the Netherlands Trial Register (NTR4377),
and about to start including patients and data collection. Publication
will be in accordance with the basic principles of the International
Committee of Medical Journal Editors on publication policy (45). The
writing committee will consist of the following people: H. Weel, L.
Blankevoort and G.M.M.J. Kerkhoffs. All other individuals who made
and will make substantial scientific contributions to the conduction of
the trial and to the final manuscript will be listed as an author. Individuals who make substantial contributions to the conduction of the trial
will be acknowledged at the discretion of the writing committee.

DiscussioN
In this paper the rationale for the study and the protocol for conducting a double-blind, randomized, controlled trial on the effectiveness of
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adding cB + cBMA to the operative treatment of MT-V stress fractures
are described.
Time to union is the primary outcome measure. This is not easy to
be objectively determined, therefore 2 experienced, blinded observers
(experienced skeletal radiologist and orthopaedic surgeon) will assess
this outcome.
This trial will not only contribute to the knowledge of effectiveness
of bone marrow cells in stress fractures. Because the consistence and
consistency of the cBMA product is also measured, we will learn more
about which working mechanisms and osteoprogenitor support of the
bone marrow cells are presented in fracture healing. Given the relatively minimally invasive intervention of aspirating autologous bone
marrow, its simple and fast concentration into cBMA and the easy way
of adding it locally, it has high potential to provide a safe and effective
additional treatment option for stress fractures and other fractures
predisposed for delayed- or non-union.
Additionally, the results of this study could also help in a better
understanding of the healing pathways of stress fractures in general.
Theretofore, a biopsy is taken from all fractures to be histologically
analysed, because the healing pathways in stress fractures are still underexposed.

ABBreViAtioNs
SF-36: Short Form- 36; FAOS: Foot Ankle Outcome Score; FAAM: Foot
Ankle Activity Measurement; SF HLQ: Short Form Health Labor Questionnaire; MTV: Fifth Metatarsal; cB + cBMA: concentrated Blood and
concentrated Bone Marrow Aspirate; AE: Adverse Event; SAE: Serious
Adverse Events.
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ABstrAct
introduction Stress fractures are relatively rare and mostly occur in
military recruits and athletes. Less is known about healing and treatment, but they can cause prolonged time to union and return to sports.
Therefore, we determined the time to return to sport and evaluated
the long term patient satisfaction and quality of life after treatment for
stress fractures.
methods All radiology records of 2006-2012 were searched for the
presence of the cited word “stress”, “fatigue” or “insufficient”. After checking selected images, the characteristics of patient with stress fractures
were collected and the patients were asked to fill out a questionnaire
concerning sports, treatment satisfaction (numeric rating scale, NRS)
and quality of life (EQ-5D).
results 94 patients were selected with 106 stress fractures. Most frequently affected were tibia, metatarsal one to four, the navicular bone
and fifth metatarsal (resp. 26%, 18%, 10% and 10%). Return to sports
was achieved in 86% after a median time of 11 weeks (IQR 5-24). Of all
stress fractures, 16% was treated surgically, reporting on a faster return
to sports (9 versus 11 weeks). Overall satisfaction rate was eight out of
ten (IQR 6-9.8) and the EQ-5D 0.84 (IQR 0.80-1.0).
conclusion Stress fractures have an extended healing time and
return to sports, with faster return to sports in surgical treated patients.
The final return to sports rate was 86%. Overall treatment satisfaction
was good and patient reported a respectable quality of life.
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iNtroDuctioN
A stress fracture can be defined as a partial or incomplete fracture of
the bone that results from the repeated application of a stress lower
than that required to fracture the bone in a single loading situation (1).
Stress fractures in the general population are rare, approximately 0.5%
(2). Retrospective studies show incidence rates in athletes of 1.9% to
37%(3-5). Especially stress fractures of the lower extremities are common injuries among athletes(6). Stress fractures of the ribs and upper
extremities are cause less than 10% of all stress fractures (7).
Numerous series of stress fractures among athletes have been described in literature (3, 4, 8-23), but only several reports have described
in detail the distribution of stress fractures of the upper and lower extremities and the core in a large numbers of athletes (14-18, 20). These
studies have generally shown that the tibia is the most common site of
stress fractures accounting for 20.2-53.5%, followed by the metatarsals
7.1-37.4% and tarsal bones 0.7-35.2%. Running activities, especially
track and distance running, have been the most common sports that
resulted in stress fractures (3, 4, 8-13, 19, 21).
Athletes, soldiers, women and osteoporotic patients are examples
of individuals with a high risk of developing stress fractures(24-28).
A delayed diagnosis or inadequate treatment of a stress fracture can
result in unnecessary loss of physical condition and an extended loss
of playing time or progression to a possible career-ending injury(29).
Results of surgical or conservative treatment with accurate data on
return to sports, time to healing and patient related outcomes have
been described rarely and mainly in retrospective case series(30). The
primary aim of our study was therefore, to evaluate return to sports,
quality of life and satisfaction after treatment of stress fractures in
athletes and non-athletes.
Secondary aims were to evaluate type of performed sport, the
fracture sites and receiving surgical or conservative treatment. Also,
complications were evaluated.
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PAtieNts AND methoDs
A prospective questionnaire was performed in a retrospective cohort
of all patients diagnosed with a stress fracture at the orthopaedic department at the Academic Medical Center Amsterdam between 2006
and 2012.

Patients
All radiological requests and reports from the orthopaedic department at the AMC Amsterdam from 2006 until 2012 were searched for
the presence of the cited words “stress”, “fatigue” or “insufficient” (free
translated from Dutch). This resulted in 47.509 radiological reports. This
selection was carefully checked by one reviewer (KTO) and 47.338 files
concerning non-stress fractures were removed. The total flowchart is
shown in figure 1. From this first selection the corresponding image
was collected and carefully checked by two reviewers (KTO, HW). When
uncertainty existed between reviewers, a third reviewer was decisive
(GMK). In total, 171 reports concerned stress fractures. All duplicates
were filtered out. Of the 171 reports, 106 stress fractures were diagnosed in 94 patients. From these 94 patients with one or two stress
fractures, additional information was collected from patient records
and clinical notes. Also, the patients were contacted by mail and after
informed consent a follow-up questionnaire was conducted. In case
of more than one stress fracture, the patient was asked to fill out the
questionnaire about the “worst” site.
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Selecting radiological reports
containing: “stress”, “fatigue” or
“insufficient” n= 47509
Reports not concerning stress
fractures excluded n = 47338
171 reports
concerning
stress fractures

5
65 doubles were
filtered out

106 stress fractures
in
94 patients
24 patient couldn’t
be reached *
70 patients contacted and asked for
informed consent
for follow-up questionnaire
5 patients did not want to participate

65 patients received
the follow-up questionnaire
14 didn’t send back the questionnaire
after obtained informed consent
26 respondents by mail
25 respondents by post
n = 51

Figure 1. Flow chart
* 1 patient deceased, 4 were moved to an unknown address and 19 patients ( whereof 7 are living abroad) could not be
contacted.
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Patient reported outcomes
After obtaining informed consent, the patients were approached by
mail or email to participate in the follow-up questionnaire. Collection of
the follow-up data was approved by the local research ethics committee (W14_237#14.17.0288). Up to three follow-up mailings were sent
to enhance response rates. This questionnaire included a complication
form, some general questions and for measuring the quality of life the
EQ-5D (31, 32) .
The EQ-5D is a general patient reported outcome measurement to
measure overall health related quality of life and covers 5 dimensions,
each consisting of 3 questions. It is widely used and also validated in
Dutch (32, 33).
The general questions informed us about the patients’ highest level of
sports achieved before injury, their actual level of sports and the time
of absence from former sports level for each stress fracture separately.
Subgroups for sports were divided as recreational level, competitive
level and elite level.
The numeric rating scale(NRS) of satisfaction was scored by questioning the patient how satisfied they were with the given treatment.
This was scored in a number from 0 (not satisfied at all) to 10 (totally
satisfied).

statistical analysis
The analyses were be performed with SPSS statistical package (version
20.0; SPSS, Chicago, Illinois). Patient’s characteristics were described.
Continuous data were presented as the mean (and standard deviation)
if normally distributed (according to Fischers exact or eyeball test);
otherwise, the medians (with interquartile range) were reported. Dichotomous data were presented as frequencies (with accompanying
percentages).
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resuLts
We reviewed the records of 94 patients with 106 stress fractures seen at
our orthopaedic department. Of the 94 patients, 51 responded to the
follow-up questionnaire giving a 54% response rate (see also figure 1).
Patient characteristics are shown in Table 1. The median age was 28
years (IQR 19-44). Of these patients 70% performed sports, 25% were
non-athletes and three records were missing. Of the athletes 17%
sported at recreational level, 35% competitive level, 47% elite level
and 1 sport level was missing. The highest-risk sports appeared to be
running, football and gymnastics (resp. 14%, 15% and 19%).
Most stress fractures occurred in the tarsals with 30% (n=28), the tibia
with 29% (n=27) and metatarsals 27% (=n=25). In athletes the most
common sites of stress fractures were the tibia 28% (n=21), navicular
bone 12% (n=9) and the second metatarsal 8% (n=6). In non-athletes,
the most common sites of stress fractures were the second metatarsal
24% (n=7), tibia 17% (n=5) and femur 17% (n=5).
The median follow-up time was 53 months (IQR 37-74 months). The
median time from onset of symptoms to diagnosis was 16 weeks (IQR
5-42 weeks).
Table 1. Patient characteristics
Age n= 94
Sex n= 94
Sport n= 94

Sports level (n=66)

28 (19 - 44)*
Female

48 (51%)

Male

46 (49%)

Yes

66 (70%)

No

25 (27%)

Missing

3 (3%)

Recreational

11 (17%)

Competitive

23 (35%)

Elite

31 (47%)

Missing

1 (1%)

Data in number (percentage) * Data in median (interquartile range)
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Of all fractures, 16% (n=16) was treated with surgery, 79% (n=84) was
conservative treated, whereof most patients were treated with cast immobilization (39%) or with rest from activities and sport (36%) and 5%
was treated with a brace. The data of six patients were missing. Type of
surgery per fracture is shown in table 2.
Table 2. Surgical treated stress fractures
Stress fracture location (n=13)

Surgical treatment (n=13)

Talus (5)

Excision (1)
Screw fixation (4)

Os navicular (2)

Excision (1)
Screw fixation (1)

Proximal femur (3)

Intramedullary nailing (2)
Screw fixation (1)

Fifth metatarsal (3)

Zuggurtung fixation (3)

Table 3 shows reported satisfaction and quality of life of the patients
with a stress fractures treated either surgically or conservative, also
subdivided into athletes and non-athletes. The satisfaction score in the
surgically treated patients was 8.5 out of ten and in the conservative
treated patients 8.0 (IQR 6.0-8.9).
Table 3. Satisfaction and quality of life after treatment, per fracture
Patients*
treatment

Athletes n= 39

Non-athletes n= 11 All n= 50

surgery
- satisfaction
- eQ-5D

8 (6-10)
0.92 (0.79-1.0)

7.3 (9-8.4)
0.22 (n=1 case)

8.5 (6.0-10.0)
0.87 (0.63-1.0)

conservative
- satisfaction
- eQ-5D

7 (5-8)
0.84 (0.80-1.0)

8 (7-9.8)
0.84 (0.78-0.96)

8.0 (6.0-8.9)
0.84 (0.81-1.0)

All
- satisfaction
- eQ-5D

8.0 (7.0-10.0)
0.84 (0.81-1.0)

7.0 (5-8.0)
0.84 (0.78-0.90)

8.0 (6.0-9.8)
0.84 (0.80-1.0)

Data in median (interquartile range)
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In total, 89% (n=44) of the patients reported to be returned to sport
after treatment, 11% (n=5) did not return to sport. The mean time to
return to sports was 11 weeks. The former level of sport (n=44) was
reached in 55% (n=22), 38% did not reach former level at the time of
our follow-up questionnaire (n=15), 7% was still receiving treatment
and thus unknown. The average time to return to sport to former level
is reported to be 16 weeks.
In this series, 8% (n=8) had a re-fracture and additional surgery was
necessary in 5% (n=5) of all cases. Out of the 16 surgically treated
patients in 12% (n=2) an infection occurred and in 31% (five cases)
hardware was removed. Of all responding patients, 66% reported their
stress fracture to be completely healed after initial treatment.

DiscussioN
To our knowledge, this is the first study on long term patient reported
outcomes after treatment of stress fractures. It’s a large heterogeneous
group with different stress fractures of the lower extremities, showing
that 89% of the patients was able to return to sports with a median of
11 weeks. They had a good patient satisfaction (8 out of 10) and health
related quality of life (EQ-5D 0.84) after treatment at long term followup. Also differences between athletes and non-athletes were described,
showing slightly better satisfaction scores in athletes.
Most performed sports among the patients were respectively gymnastics, football, running and ballet. In the clinic where this study was
performed, the focus is on lower extremity injuries, what is the explanation that in our cohort no upper extremity stress fractures are present. A big part of the interviewed patients were elite athletes and like
described they were performing sports with high demand of especially
the lower body. Though upper extremities fractures are less common
(7), they are most common seen in athletes performing rowing, weight
lifting, throwing or other sports asking for big upper body strengths on
higher levels (34-36). Our study has comparable distribution of lower
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leg stress fracture sites as described in literature, with the tibia and
metatarsals as being most affected in both athletes and non-athletes
(9, 12, 30). Also we found comparable age, as most of our patients being young adolescents having a median age of 28 years old (37).
Although stress fractures are a known problem of (elite) athletes,
return to sport rates have not been much documented in literature (29,
37). Even though we had a heterogenic group with different stress fracture sites, it is remarkable that of the 89% of the patients was able to
return to sports with a median of 11 weeks. In contrast to this, only 55%
returned to their former level of sports, this occurred after a median of
16 weeks.
Because of the retrospective design and the range in follow-up time,
the study is susceptible for bias. Recall bias can be caused by the receiving questions about a further past. Also, with a response rate of 54%,
there is a considerable risk of a selective response.
It is known from stress fractures that some are at high risk of healing
problems (29, 30). Also in our study, healing problems after initial treatment occurred and in the surgical treated patients, some hardware had
to be removed and in two patients an infection occurred. Nevertheless,
the reported quality of life with the EQ-5D being 0.84 at follow-up is
comparable to the average population in the UK being 0.85 (38), which
is again studied to be comparable to the Dutch average (33).
In our study, there is no sex-related difference in the proportion of
stress fractures. In other studies women showed to be more prone for
stress fractures than men. Also, female athletes seem to sustain more
stress fractures than their male counterparts, and some have theorized
that the ‘female triad’ of amenorrhea, osteoporosis, and an eating
disorder may account for this difference (26-28).
Despite the impact of stress fractures on an athlete’s career (37), not
a single study of solid methodological quality addresses the patients’
perspective on recovery. Although being subject to risk of bias since
the number of cases is limited and heterogenic, our study tried to
remedy this by reporting long term satisfaction and quality of life
after stress fracture treatment. Prior being able to recommend either
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conservative or surgical treatment on our results, more research is
needed. Because of the population at risk, with a big part being the
demanding athlete, important outcome measures are patient reported
satisfaction, quality of life and the time to return to sport within an
adequate follow-up time. Therefore, more studies or accurate cohort
registrations are necessary on this subject.

5
coNcLusioN
Stress fractures frequently affect athletes. This injury has an extended
healing time and return to sports, with faster return to sports in surgical treated patients. The median time to return to sports was 11 weeks
and the final return to sports rate was 86%. Overall satisfaction was
good, with a respectable reported quality of life (median EQ-5D 0.84).
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ABstrAct
Purpose Primary aim of this study is to identify factors related to a
higher patient satisfaction, one year after arthroscopic ankle surgery.
Secondary aim is to identify factors associated with a higher functional
status or health-related quality of life.
methods This study was performed on a prospective cohort of patients
that underwent ankle arthroscopy in the AMC between March 2014
and June 2015. Preoperative factors associated with patient satisfaction and functional outcome one year postoperative were selected
using multivariate regression analysis.
results No factors associated with patient satisfaction could be identified. There were however factors associated with functional outcome.
A higher BMI was associated with lower functional outcome scores at
1-year follow-up after ankle arthroscopy. Male gender showed to be a
positive predictor having fewer symptoms. In addition, there was an association between less mental distress and better functional outcome
at 1-year follow-up after ankle arthroscopy.
conclusions Although no predictive factors for patient satisfaction
were found, this study contributes to the knowledge of which patients can be expected to have a better outcome one year after ankle
arthroscopy. Several preoperative factors were identified as predictive
for functional outcome one year following ankle arthroscopy. Patients
with a high BMI, females, and patients with more mental distress were
more likely to show lower functional outcome. Age and activity level
were not associated with functional outcome.
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iNtroDuctioN
Over the last two decades the use of ankle arthroscopy has increased
significantly (1, 2) due to an expansion of indications. Currently, ankle
arthroscopy is no longer used for diagnostics, but for the treatment
of osteochondral lesions, impingement, and instability. It is also used
to perform ankle arthrodesis (3, 4). Arthroscopy and tendoscopy have
proven to be safe surgical procedures with low complication rates and
quick recovery (5, 6).
Next to safety and functional outcomes, patient satisfaction is considered an important outcome measure in elective surgery. Since footand ankle surgery is mainly performed in an elective setting, it is even
more important to outweigh the benefits of the surgery against the
possible risks of the procedure. Knowledge of predictive factors for patient satisfaction and functional outcome, will support both surgeons
and patients to make a better choice regarding treatment. However,
there is little knowledge on patient satisfaction after ankle arthroscopy
(7, 8). There is growing evidence that patient factors significantly affect
surgical outcome (9).
Patient factors can be defined as any factor that is intrinsic to the
patient, and is not rapidly changed by environment. These factors may
include demographic data, functional- and general health scores, as
well as psychological attributes and radiographic appearances (10).
Patient factors have mainly been investigated in the field of kneereplacement surgery, where pre-operative function scores, medical
co-morbidity and psychosocial factors correlated with post-operative
functional outcome (11-13).
In addition, patient satisfaction after orthopedic surgery is likely multifactorial and may be influenced by expectations of surgery, physical
condition, pain severity, mental state and age (14-17). However, patient
satisfaction may also be affected by factors that seem unrelated to the
surgical intervention itself, such as the patient-surgeon relationship
and the process of care, both in hospital and after discharge (12). Only a
few studies have investigated predictive factors of outcome after ankle
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surgery (17-19). Additionally, interpretability of these studies is limited
due to low methodological quality, including retrospective data collection, limited number of predictors tested and poorly defined cohorts.
Hitherto, there is no literature on factors predicting patient satisfaction after ankle-arthroscopy. Therefore, the primary aim of this study
is to identify factors associated with higher patient satisfaction, one
year after ankle arthroscopy. In addition, factors related to functional
outcome and health-related quality of life (HR-QOL) were identified.

methoDs
Participants
Prospectively collected data were used from a cohort of patients
that underwent ankle-arthroscopy in the Academic Medical Center
in Amsterdam, the Netherlands. All consecutive patients treated arthroscopically in the daycare clinic for ankle disorders between March
2014 and June 2015 were recruited. Patients younger than 15 years
old, who underwent surgery for the second time in one year, or those
with significant comorbidities (Charlson Comorbidity Index (20) >3)
were excluded. In addition, patients that were not able to complete
the questionnaires due language- or cognitive limitations were not
included in the study.

study procedure
All patients planned for ankle arthroscopy were asked to participate
and to fill out the questionnaires. The first questionnaire was provided
one day prior to surgery. Only patients that completed the first questionnaire, prior to the surgery, were included in the cohort. At three, six
and twelve months follow-up, patients were invited by email to complete the online follow-up questionnaires. In case patients preferred a
paper version of the questionnaire, these were send together with a
return envelope by mail. Collection of data for this study was approved
by the local research ethics committee (W14_237#14.17.0288).
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outcome measures
The primary outcome measure patient satisfaction at twelve months
follow-up was measured using four 11-point numeric rating scales
(NRS). Each NRS measured one component of satisfaction: (1) satisfaction with treatment process, (2) outcome of the surgery, (3) daily functioning and (4) activity level. Overall patient satisfaction was defined
as the mean score of all four satisfaction scales. High scores indicate
a high patient satisfaction. In addition to the overall satisfaction score,
fulfilment of patients expectations of surgery were also measured using a numeric rating scale.
Functional outcome was assessed using the Foot Ankle Outcome
Score (FAOS). The FOAS is a self-administered questionnaire, validated
in a Dutch speaking population, intending to evaluate functional limitations and symptoms during the last week related to foot and ankle
disorders. The FAOS contains five domains: Activities of Daily Living,
Symptoms, Pain, Sport activities and Quality of Life (21). High scores
indicate less limitation.
Health related quality of life was measured using the Short Form36 (SF-36). The SF-36 is a patient-administered generic health-related
quality of life (HRQL) instrument, containing eight domains. Summary
scores of the physical component scale (PCS) and the mental component scale (MCS) were used (22, 23). High scores indicate less limitation.

Predictive factors
Since there is no literature on predictive factors of outcome after
ankle arthroscopy, a large sample of predictors was assessed including: age, sex, Body Mass Index, type of ankle pathology, time between
onset of symptoms and surgery, type of injury (acute/traumatic onset
or chronic), smoking status, pre-operative functional status (based
on FAOS scores), pre-operative Health-Related Quality of Life (based
on SF-36 scores), highest level of education, level of physical activity
(Ankle Activity Score (24)) and work status.
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Data on demographic characteristics, diagnosis and co-morbidity
were extracted from patient records. The remaining variables were
collected using the pre-operative questionnaire.

statistical Analysis
Descriptive data were presented as frequencies (percentages) in case
of categorical data, and for continuous variables as mean (standard
deviation) in case of approximately normal distribution or median (interquartile range) when data were not normally distributed. Distribution of the outcome measures was assessed using the Shapiro-Wilk test.
FAOS scores and SF-36 summary scales were considered as continuous
variables.
Missing data were explored using matrix plots and since data were
Missing At Random (MAR), multiple imputations by chained equations
(MICE) were performed. All predictors were included in the models (25).
Dichotomous variables were imputed using a logistic regression model,
and continuous variables with a model for predictive mean matching.
Pre-operative data, three and six months follow-up data were used to
predict the final outcome at twelve months using a multilevel linear
model analysis. Forty different datasets were created (26). Data were
assessed for multicollinearity (r > 0.8), if multicollinearity existed these
variables were excluded from analysis.
To assess the effect of multiple imputation, all factors were initially
assessed in univariate regression using both complete case analysis
and the multiple imputed datasets. In case both analyses showed similar associations, the multiple imputed datasets were used to achieve
more statistical power.
Variables were selected using stepwise backward selection in each
dataset. Thereafter, models were pooled, and estimates of the complete data model were averaged. Stepwise backward selection was
performed based on p-value. Starting with a full model, the variable
with the highest p-value was deleted from the model until only statistical significant variables remained. To assess model performance, the
explained variance (adjusted R2) of the pooled models was calculated.
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Data were collected and entered in a SPSS database, statistical analyses were performed using Rstudio version 0.98.1103 (RStudio, Boston,
MA, USA), R version 3.1.3 (The R Foundation, Vienna, Austria). The ‘mice’
package was used to perform the multiple imputations and to perform
backward stepwise selection on the pooled datasets (27).

resuLts
6

Patient characteristics
A total of 366 patients underwent arthroscopic treatment, of whom 55
(15%) had an additional open procedure and were therefore excluded
from analysis. The remaining 311 patients that filled out the preoperative questionnaire were included in this study. These patients had
a mean age of 36 years (± 15), of whom 50% was male. The included
patients were physically active, with a median Ankle Activity Score of
7/10 (IQR 4-9) and the most common indication for surgery was ankle
impingement. An overview of the baseline characteristics and potential predictive factors is presented in Table 1.
Table 1. Baseline characterisitics
n=

311

Age (years)

35,68

±14,88

male

156

50,16%

female

155

49,84%

25,12

±3,81

Lager/LBO

10

11,36%

VMBO/MAVO/MBO

33

37,50%

HAVO/HBO

33

37,50%

VWO/WO

12

13,64%

No

250

81,17%

Yes

58

18,83%

Sport Activity (Ankle Activity score)

median

7

IQR 4-9

Working

No

74

23,95%

Yes

235

76,05%

Gender
BMI
Education

Smoking
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Table 1. Baseline characterisitics (continued)
n=

311

Duration of Symptoms (months)
Traumatic Cause
Diagnosis

Pain
FAOS

SF-36

28

IQR 18-66

No

103

33,99%

Yes

200

66,01%

Impingement

107

34,41%

Osteochondral defects

52

16,72%

Tendinopathy

38

12,22%

Osteoarthritis

24

7,72%

Posttraumatic

13

4,18%

Sinus Tarsi

12

3,86%

Instability

11

3,54%

Miscellaneous

54

36%

Rest

3

IQR 2-6)

Walking

6

IQR 4-8

ADL

70,74

± 19,97

Symptoms

53,96

± 17,28

Pain

56,18

± 17,7

Sport Activities

36,88

± 23,22

QoL

33,14

± 14,03

PCS

38,53

± 8,98

MCS

53,59

± 9,76

± mean (SD)
% number (percentage)
IQR median (inter quartile range)

missing data
There were missing data in both the preoperative factors and outcome
variables, with the amount of missing data varying between 0% (demographics) and 27% (satisfaction scores and functional outcome scores).

multicollinearity
Due to multicollinearity, four factors; Pain in rest and during activity,
FAOS sport and FAOS Quality of Life (QoL), were excluded from analyses.
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satisfaction
Both complete case analysis and analysis based on multiple imputation showed similar associations with univariate regression (Table 2).
Univariate analyses using the multiple imputed data showed no significant association between pre-operative factors and satisfaction at
12 months follow-up. Regarding overall satisfaction, no variables were
identified in multivariate analysis.
Table 2. Primary outcome (satisfaction): univariate regression
Factors

6

Complete case analysis (n=227)

After multiple imputations (n=311)

β

p-value

β

p-value

Duration of Symptoms

-0.000

0.706

-0.001

0.497

Age

0.000

0.946

0.001

0.936

BMI

-0.065

0.078

-0.061

0.090

Traumatic/ acute onset

-0.350

0.257

-0.293

0.348

Gender

0.210

0.467

0.184

0.497

Education level

0.245

0.368

-0.102

0.620

Smoking status

0.007

0.980

0.009

0.980

Activity level

-0.019

0.769

-0.016

0.770

Working status

-0.323

0.059

-0.231

0.160

FAOS pain

0.018

0.028

0.013

0.091

FAOS Symptoms

0.009

0.286

0.007

0.384

FOAS ADL

0.010

0.184

0.007

0.300

SF-36 PCS

0.034

0.043

0.025

0.099

SF-36 MCS

0.024

0.110

0.018

0.210

OA

-0.202

0.709

-0.174

0.733

OCD

0.183

0.636

0.132

0.719

Impingement

-0.355

0.260

-0.280

0.359

Tendinopathy

0.686

0.113

0.571

0.172

Sinus Tarsi

-0.768

0.365

-0.448

0.547

Posttraumatic

-0.470

0.511

-0.316

0.656

Instability

-0.117

0.890

-0.083

0.916
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secondary outcome measures
Regarding functional outcome, multivariate analyses showed that a
higher BMI was associated with lower functional outcome scores. Conversely, higher preoperative ADL function score was related to higher
functional outcome scores. Male gender showed to be associated with
having less symptoms at one year follow up.
The mental component scale of the SF-36 was a positive predictor
for functional outcome in terms of ADL and pain. Age and level of
activity were not selected as associated factor for one of the outcome
measures. Endoscopic treatment for tendinopathy was associated with
less symptoms and less pain at one year follow up (Table 3). Explained
variance of the final models varied between 11% (PCS) and 21% (FAOS
ADL) (Table 3).
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OCD

OA

SF-36 MCS

SF-36 PCS
0.253

0.03

0.311

6.669

0.177

<0.01

0.04

FOAS ADL

0.334

-0.570

β

β
p-value

FAOS
Symptoms

FAOS
ADL

FAOS Symptoms

FAOS pain

Working status

Activity level

Smoking status

Education level

Gender

Traumatic/ acute onset

BMI

Age

Duration of Symptoms

Factors

Table 3. Secondary outcomes

0.01

<0.01

<0.01

p-value

FAOS

0.294

0.393

β

Pain

0.04

<0.01

p-value

SF36

0.315

β

PCS

<0.01

p-value

SF36

0.403

β

MCS

<0.01

p-value
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Explained variance (Pooled R2)

Instability

Posttraumatic

Sinus Tarsi

Tendinopathy

Impingement

Factors

Table 3. Secondary outcomes (continued)

0.21 (0.12-0.31)

0.17 (0.08-0.27)

13.287

β

β
p-value

FAOS
Symptoms

FAOS
ADL

<0.01

p-value

FAOS

<0.01

p-value

0.14 (0.06- 0.23)

9.459

β

Pain

SF36

0.11 (0.04-0.21)

β

PCS
p-value

SF36
p-value

0.14 (0.06- 0.24)

β

MCS
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DiscussioN
main findings
This study is the first to identify factors associated with outcome following ankle arthroscopy and tendoscopy. Regarding the primary
outcome measure no associations were found between preoperative
factors and higher patient satisfaction. In addition, the analysis revealed lower functional outcome scores to be correlated with higher
BMI. Male gender was associated with less symptoms. High scores on
the mental component scale were associated with better functional
outcome. Endoscopic treatment for tendinopathy was associated with
less pain and symptoms. It is notable that age was not associated with
one of the outcome measures.

comparison with literature
In previous studies, age has been reported as a predictor for functional
outcome and satisfaction (18, 28), however this was contradicted by
others (13, 14). Moreover, in this study we were also not able to detect
a relation between age and outcome. In accordance with our result,
gender-related differences were described previously in a study on
recovery after ankle fracture surgery. They also found male gender
to be associated with better functional outcome (18). It is not clear
what the reason is for this finding. It could be the result of a true difference in functional impairment or a gender-related difference in
self-reporting of functional outcome (29). Historically, increased BMI
is suggested to have negative influence on postoperative functional
outcome, although previous orthopedic literature is not conclusive
(30, 31). This study shows a clear relation between BMI and functional
outcome. Several studies have shown that mental distress (MCS) can
influence pain, functional outcome and patient satisfaction in patients
undergoing total knee replacement (12, 32, 33). In contrast, in a study
on functional outcome in end-stage ankle osteoarthritis the MCS score
had no influence on functional outcome (34). In our cohort of ankle arthroscopy patients we were not able to identify a relation with patient
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satisfaction, however the higher MCS score was associated with better
functional outcome in terms of ADL and less pain.
Studies on prognostic factors after ankle surgery are scarce. Egol et
al. found besides a younger age and a male gender, that the absence of
diabetes and a lower ASA score were predictive for functional recovery
one year after ankle fracture surgery (18). In this study male gender
was only associated with having less symptoms. O’Toole et al. found
patient satisfaction after surgical treatment of lower-extremity injury
was predicted more by function, pain and the presence of depression
at two years than by any underlying characteristic of the patient, injury,
or treatment (14).

Limitations
The findings in this study have to be interpreted in the light of its limitations. First, patient satisfaction is difficult to measure, and reliability of
measuring patient satisfaction has been questioned (35). Although we
tried to measure different aspects of satisfaction by using four different questions, we could not use a validated satisfaction questionnaire.
Second, we were not able to measure factors related to the health care
process like doctor-patient relation, communication and waiting time
prior to surgery (16). Possibly this is one of the reasons we were not able
to find relations between preoperative factors and patient satisfaction.
Third, this study was performed in a tertiary referral center for ankle
pathology. Therefore the population might be different in comparison
with the general population with ankle disorders. Patients visiting our
hospital for a second opinion, might be different when compared to
primary patients. Their ankle disorders are likely to be longer existing
and more difficult to treat. Possibly these patients had other expectations of the treatment which limits the generalizability of our findings.
And last, only preoperative factors were included in the models. It is
conceivable that patient satisfaction one year after surgery can only be
partly predicted with these factors.
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implications for future studies
This study was aimed to identify preoperative factors associated with
outcome following ankle arthroscopy. With the results of this study,
future studies performed on large non-academic populations should
focus on predictive factors for outcome after ankle arthroscopy. In
these studies also health care related factors need to be included,
and patient satisfaction could be measured with validated outcome
measures. Eventually an outcome prediction tool could be developed
to guide both patient and orthopedic surgeons in treatment decisions.

coNcLusioN
Although no predictive factors for patient satisfaction were found,
this study contributes to the knowledge of which patients have better
outcome after ankle arthroscopy. Several preoperative factors were
identified as predictive for functional outcome one year following ankle
arthroscopy. Patients with a high BMI, females and patients with more
mental distress were more likely to show lower functional outcome.
Age and activity level were not associated with functional outcome.
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ABstrAct
objectives Athletes constitute a special group of the orthopedic
patient population, prone for foot and ankle injuries. Less is known on
the differences on Health-related Quality of Life (HR-QOL) in athletes
compared to non-athletes when suffering from foot and ankle injuries.
Design Cross-sectional study.
Aim Determine the impact of foot and ankle injuries on the HR-QOL
in athletes compared with non-athletes.
methods All patients with foot and ankle injuries that visited the
outpatient or daycare clinic between March 2014 and July 2014
were recruited for this study. HR-QOL was measured using the SF-36,
adjusted for age and gender specific reference scores, and compared
between athletes and non-athletes. In addition, the correlation between the pain, function and mental state components and mental
component subscale of the SF-36 were calculated for both athletes
and non-athletes, to determine to which extent pain and/or disability
contributes to experienced HR-QOL.
results 328 patients were included, of which 154 (47%) were athletes. Athletes had a statistically significantly higher corrected score
on the General Health Perceptions subscale of the SF-36. On the other
subscale scores no differences were found. Correlations between the
corrected mental component subscale scores and numeric rating
scales for pain and function, were higher in the non-athlete group.
conclusions Athletes with foot and ankle injuries do not have lower
HR-QOL than non-athletes. However, General Health Perceptions in
athletes are less correlated to pain and loss of function due to foot and
ankle problems, than in non-athletes.
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iNtroDuctioN
Athletes constitute a special group of the orthopaedic patient population. They have high demanding expectations of their musculoskeletal
system and therefore the incidence of injuries of the musculoskeletal
system is high (1, 2). Beside the discomfort that injuries cause, in athletes it might threaten their career. Hence, it can be hypothesized that
athletes are more affected in their well-being by injuries of their musculoskeletal system than non-athletes. In particular the ankle joint is
prone to injury in athletes (3, 4). Both acute and chronic foot and ankle
complaints are common particularly in soccer, football and rugby (5).
Over the last years, Health-Related Quality of Life (HR-QOL) assessment tools are increasingly used in orthopedics to evaluate the
health status from the patients’ perspective. It has been reported that
uninjured athletes have a higher HR-QOL in comparison with their
non-athlete counterparts (6, 7) and that injuries have a negative effect
on the HR-QOL in athletes (8, 9). Injured athletes can experience short
term depressive symptoms, like anger, although decreasing in the first
2 weeks after injury (10). There is also some evidence that athletic injury
may produce a degree of cognitive disruption (11) and that it is one
of the stressors that may potentially increase vulnerability to illness of
mental health (12). On the other hand pain is a modality that seems to
be better modulated by athletes reducing it (13, 14). Less is known specifically on the effects of foot and ankle injuries. Foot and ankle instability is reported to decrease HR-QOL (15), but to our knowledge, there are
no studies on the difference in impact that foot and ankle complaints
have on HR-QOL in athletes compared with non-athletes. This is a lack
in the field of research where the use of HR-QOL assessments for studying and comparing results of interventions is growing. In line with that,
awareness of the impact of injuries on HR-QOL is important to be able
to optimize patients’ treatment. For example athletes might be more
hampered in their sport activities by disability than by pain because as
mentioned disability can be potentially career-ending, where pain is
suggested to be more modifiable by athletes to reduce it.
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Therefore aim of this study is to determine the impact of foot and
ankle injuries on the HR-QOL in athletes compared with non-athletes
and, in addition, to study to which extent pain or disability contribute.
Our hypothesis was that foot and ankle injuries have more impact on
the quality of life of athletes compared to non-athletes. Secondary, it
was expected that in athletes, pain has a lower correlation and loss
of function a higher correlation with HR-QOL, compared with nonathletes.

methoDs
All patients with foot and ankle disorders that visited the outpatient
or daycare clinic between March 2014 and July 2014 were asked for
informed consent to participate in this study. Patients with age older
than 60 and patients with fractures or with severe co-morbidities were
excluded. Of all patients the demographics and the characteristics of
the disorder were obtained. Patients were asked for their sports participation level and defined as athletes if they classified their previous
level of activity as “competitive” or “professional” sports participation.
Health related quality of life was measured using the Short Form
- 36 (SF-36) (16). The SF-36 a commonly used patient-administered generic health-related quality of life (HR-QOL) instrument. It consists of 36
items, distributed over 2 subscales; mental component scale (MCS) and
physical component scale (PCS), consisting of 8 dimensions: physical
functioning (PF), role-emotional functioning (RE), social functioning
(SF), role physical functioning (RP), bodily pain (BP), vitality (VT), general health (GH) and mental health (MH) perceptions. In order to correct
for confounding factors, age and sex, the subscale score of each patient
was divided by the reference score of the general Dutch population
matched for age and sex, as reported by Aaronson et al. (17).
In addition, the Foot and Ankle Outcome Score (FAOS) (18) and
11-point numeric rating scores (NRS) for Pain (rest and walking) and
function were obtained. The FAOS is a self-administered questionnaire,
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intended to evaluate functional limitations and symptoms related to
the foot and ankle of the last week (11). It consists of 42 items covering
five separate dimensions: pain (9 items), other symptoms (7), activities
of daily living (ADL, 17 items), sport and recreational activities (5) and
foot- and ankle related quality of life (QOL, 4 items). All questionnaires
were completed prior to consultation.
In this cross-sectional study, the corrected SF-36 subscale scores of
athletes and non-athletes were compared. In addition, the correlation
between the pain, function and mental state components and MCS of
the SF-36 were calculated for both athletes and non-athletes. Collection of data for this study was approved by the local research ethics
committee (W14_237#14.17.0288).
A sample size calculation was performed based on a 2-sided test
with a clinically important difference on each subscale of the SF-36 of
5 points (± 15). Significance level was set at p<0.05 and power 80%.
Required sample size was 143 per group.
The distribution of the outcomes were tested with the Shapiro-Wilk
test. Categorical variables are presented as frequencies and percentages, continuous variables as mean with standard deviation or medians
with interquartile ranges. For analysis of continuous data a Students
T-test was used in case of normally distributed data and Mann Whitney
U-test for non-normally distributed data. A Chi-square test was used
for categorical variables. Pearson’s product-moment correlation was
used for the determination of correlations in normally distributed data
and Spearman’s rank correlation for non-normally distributed data.
Differences between two correlations were tested using Z-test after
transformation using Fisher’s r-Z transformation. P values < 0.05 were
considered statistically significant. Statistical analyses were performed
using Rstudio version 0.98.1103 (RStudio, Boston, MA, USA), R version
3.1.3 (The R Foundation, Vienna, Austria).
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resuLts
A total of 328 patients were included, of which 154 (47%) were athletes.
Regarding the baseline characteristics, statistically significant differences were found for age and sex, with athletes being younger and
more often males. We corrected the SF36 scores for age and gender
specific reference scores (17). In terms of FAOS scores, only the FAOSADL subscale differed between the two groups, with a higher score in
favor of the athletes (Table 1).
For the numeric rating scales for pain and function no differences
were found between both groups. The distribution of diagnoses over
the groups was comparable, with only a statistically significant higher
percentage of impingement in the athlete group (Table 2).
Athletes had a statistically significantly higher adjusted score on the
General Health Perceptions subscale of the SF-36 ( p<0.001). On the
Table 1. Patient characteristics
Non-Athletes

Athletes

N

174

154

Age

42.3

25.6

<0.01*

Sex (% male)
Female (N)
Male (N)

43.1
99
75

53.2
72
82

0.02 *

Duration Symptoms [months]

2.6 (1.4-6.4)

2.3 (1.2-5.2)

0.40

FAOS symptoms

57.1 (39.3-78.6)

57.1 (42.9-68.8)

0.60

FAOS pain

58.3 (41.7-72.2)

61.1 (46.5-77.8)

0.12

FAOS adl

70.6 (51.5-86.8)

77.9 (58.8-93.8)

<0.01 *

FAOS sport

38.8 (17.8-58.8)

40.0 (25.0-60.6)

0.70

FAOS qol

31.3 (12.5-43.8)

31.3 (18.8-43.8)

0.80

NRS for pain at rest

3 (1-6)

2 (0-4)

0.03*

NRS for pain during walking

6 (3-8)

5 (3-7)

0.08

Function ADL

7 (5-8)

7 (5-8)

0.90

Data presented as median (interquartile range). *: statistically significant difference
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Table 2. Distribution of the diagnoses
Diagnosis

Non-Athletes
(n=174)

Athletes
(n=154)

Osteoarthritis

14.0

13.9

Osteochondral defect

19.8

19.9

Impingement

13.4*

25.2*

Instability

2.9

4.6
10.6

Tendinopathy

12.8

Stress-fractures

0.5

1.9

Post-traumatic

5.3

5.6

Sinus tarsi

3.4

3.1

Miscellaneous

30.8

17.5

p-value

0.01

7

0.01

Values are presented in %. * Statistically significant.

other subscale scores no statistically significant differences were found.
(Figure 1).
Athletes with ankle injuries score on the Role Emotional and General
Health Perceptions scale higher in comparison with the general Dutch
population. Non-athletes have a higher score on the Role Emotional
scale (Table 3).

	
  

Figure
1. Boxplots showing differences in adjusted SF-36 scores between athletes and non-athletes.
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Table 3. Outcome scores of the SF-36 subscales.
Non-Athletes

Athletes

p-value

Physical Functioning

0.58 (0.43-0.81)

0.69 (0.49-0.87)

0.08

Role Physical

0.36 (0.00-0.93)

0.35 (0.00-0.52)

0.78

Bodily Pain

0.61 (0.41-0.80)

0.61(0.43-0.81)

0.42

Social Functioning

0.87 (0.61-1.09)

0.96(0.70-0.86)

0.27

Mental Health

1.01(0.83-1.14)

1.00(0.87-1.15)

0.94

Role Emotional

1.17(0.40-1.24)

1.12(0.92-1.23)

0.97

Vitality

0.92(0.71-1.11)

0.99(0.78-1.14)

0.12

General Health Perceptions

0.92(0.70-1.13)

1.06(0.88-1.21)

<0.001*

Scores are presented as median (interquartile range).

Table 4. Correlation of corrected SF-36 mental state subscale scores with NRS for pain and function.
NRS pain
(rest)

NRS pain
(walk)
p-value

NRS
(function )
p-value

p-value

Social Functioning
Non-athlete

-0.34

Athlete

-0.35

ns

-0.40

ns

-0.31

0.56

0.03

0.37

General Health Perceptions
Non-athlete

-0.40

Athlete

-0.12

0.01

-0.39

0.02

-0.14

0.47

0.01

0.20

Vitality
Non-athlete

-0.32

Athlete

-0.13

ns

-0.36*

0.04

-0.15

0.41

ns

0.24

Role Emotional
Non-athlete

-0.27

Athlete

-0.13

ns

-0.28

ns

-0.08

0.46

<0.01

0.14

Mental Health
Non-athlete

-0.24

Athlete

-0.25

ns

-0.27
-0.14

ns

0.33

ns

0.23

Correlations are Pearson’s correlation coefficient. ns = non-statistically significant difference between correlations.
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Correlations of the NRS scales for pain and function, with the mental
component subscales showed differences between athletes and nonathletes. Overall, all correlations between the corrected mental component subscale scores and numeric rating scales for pain and function,
were higher in the non-athlete group (Table 4). In the athlete group no
correlation was found between the NRS for pain and General Health
Perceptions, Vitality, Role Emotional and Mental Health (only pain during walking). In addition, for the Role Emotional scale no correlation
was found with NRS function.

7

DiscussioN
The most important finding in this study is that the impact of foot and
ankle injuries on HR-QOL is not higher in athletes compared to nonathletes. Only for the General Health Perceptions subscale of the SF-36
a difference in scores between athletes and non-athletes was found.
This score was higher in athletes compared with non-athletes. In addition, we found that the HR-QOL in athletes is less correlated with pain
and loss of function compared with non-athletes. With these findings
the hypothesis is partly rejected.
In this study only one of the SF-36 domain scores, General Health
Perceptions, was higher in athletes compared to non-athletes. This is in
contrast to the study by Huffman et al.(7), who found athletes to have
higher scores in all domains. An important difference is that they performed a cross sectional sample of intercollege athletes, and therefore
studied a population in which the majority of athletes had no injuries.
Another possible explanation for this could be that Huffman et al. used
a large sample size of athletes compared to a small control group (7).
In our cohort, except for the impingement injuries, the distribution
of the injuries was not statistically different between the two groups.
There appeared to be differences between the groups in terms of age
and sex, but four domains of the FAOS showed no difference, except of
the FAOS domain ADL in favor of non-athletes as well as the NRS rest.
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Therefore, in this study the SF36-subscales scores were adjusted for the
reference scores of the general Dutch population matched for age and
sex.
Although athletes are generally more demanding in terms of physical
performance and their musculoskeletal system, this study did not show
a lower HR-QOL when compared with non-athletes suffering from the
same injuries of foot and ankle. An explanation could be the strong
mental state, better coping and pain modifying systems athletes have
(19, 20). This could also explain why athletes were less affected by pain
and loss of function, although this was partly against our expectation.
A drawback of this study was the fact that we were not able to
measure the pre-injury HR-QOL. Therefore, this study cannot detect
changes of the HR-QOL as an effect of injury. Possibly, the HR-QOL was
higher in athletes before their injury (7). In that case we were not able
to measure the larger decrease of HR-QOL in athletes after injury.
The precise distinction between athletes and non-athletes is arbitrary. We have chosen to define patients who participate in competitive and professional levels of sports as an athlete. In addition, all used
questionnaires are only validated for use in the general population. It is
assumed that these questionnaires are valid for use in athletes as well.
Our findings do not direct reject this assumption, showing comparable
HR-QOL after comparable injuries in both groups, although correlation
between subscales show differences.
It is unclear which other factors play a role in the HR-QOL in foot
and ankle patients. Age and sex are known to influence HR-QOL (17),
therefore correction for these factors was performed. In addition, we
calculated correlation between pain and function scores and SF36
scores, to assess to which extent these HR-QOL scores are influenced
by pain and loss of function. We hypothesized that in athletes, pain has
a lower correlation and disability will have a higher correlation with
HR-QOL, compared with non-athletes. However, we found that nonathletes have higher correlation between loss of function and pain and
mental state subscales of the SF36 than athletes. In future studies it
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would be interesting to determine which other factors contribute to
the HR-QOL in foot and ankle patients, and particularly in athletes.

coNcLusioN
The HR-QOL, as measured using the SF-36, is not lower in athletes
compared to non-athletes when suffering from a foot and ankle injury.
However, General Health Perceptions in athletes are less correlated to
pain and loss of function due to foot and ankle problems, compared
with non-athletes. These new data can help in further developing and
optimizing PROMs and also their interpretation between different patients and more important between different subgroups like athletes.
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Chapter 8

ABstrAct
Purpose The aim of the study was to develop a Dutch language
version of the Foot and Ankle Ability Measure (FAAM) and evaluate its
measurement properties according to the COnsensus-based Standards
for the selection of health Measurement INstruments (COSMIN) definitions.
methods A forward-backward translation procedure was performed
and subsequently the Dutch version of the FAAM was evaluated for its
reliability and validity in 369 patients with a variety of foot and ankle
complaints. The reliability was assessed by calculating the intraclass
correlation coefficients (ICC, test-retest reliability), Cronbach’s alpha
(internal consistency), the Standard Error of Measurement (SEM) and
the minimal detectable change (MDC). Additionally this was done for
athletes. The construct validity was assessed by the use of Spearman’s
correlation coefficient between FAAM domains and similar and contradictory domains of the Foot and Ankle Outcome Score, Short Form 36
and the Numeric Rating Scale for pain.
results The ICC of the subscales ranged from 0.62 to 0.86. Cronbach’s
alpha’s minimum was 0.97. At individual level the MDC ranged from
23.9 to 44.7, at group level from 2.77 to 4.32. In the subgroup of athletes the reliability was higher. The hypothesized correlations of the
construct validity were supported by an 80% confirmation rate.
conclusion The Dutch version of the FAAM met adequate measurement properties, although the reliability is not optimal. The FAAMSPORT subscale is more useful in athletes and the FAAM-SPORT% seems
not to contribute. In athletes with various foot and ankle symptoms the
FAAM can be used for functional assessment and follow up at group
level, for the general population the FAAM is less appropriate.
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iNtroDuctioN
Patient Reported Outcome Measures (PROMs) are increasingly used to
evaluate health-related quality of life or health status from the patient’s
perspective. PROMs are a valuable addition in the evaluation of the
treatment process of patients and between patients.
Numerous clinical scoring systems have been developed for conditions affecting the foot and ankle (1-4). Several factors influence the
choice for a specific scoring system, such as type of patients, outcome
of interest, and measurement properties of the questionnaire (5, 6).
The Foot and Ankle Ability Measure (FAAM) is a patient reported
questionnaire for patients with musculoskeletal foot and ankle
disorders consisting of two subscales, ADL and Sports, with a total
of 32 questions (7). The FAAM has already been validated in several
languages (7-10).
Since the Foot and Ankle Outcome Score (FAOS) is the only validated
Dutch PROM for patients with foot or ankle disorders (11), there is need
for the validation of a Dutch translation of the FAAM, especially, since
the FAAM has a more extensive sports-domain.
Recently, the Consensus-based Standards for the selection of health
Measurement INstruments (COSMIN) checklist was developed due to
discrepancies in terminology and definitions of measurement properties for patient-reported outcomes (12, 13). Although the checklist
was developed to evaluate methodological quality per measurement
property (14), it can also be used as a guide for the design of a validation study.
Aim of this study is to create a Dutch translation of the FAAM and
evaluate its validity and reliability in the Dutch population.
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mAteriAL AND methoDs
translation
According to the translation procedure as described in the guidelines
of cross-cultural adaption (15), the English version of the FAAM was
translated into Dutch. Two native Dutch speakers independently performed the forward translations. Thereafter, the backward translation
was performed by two independent native English speakers. Inconsistencies were discussed and adjusted where ever necessary. Finally, ten
volunteers checked the comprehensibility of the questionnaire and
none reported understanding problems of the questions.

study outline
All consecutive native Dutch-speaking patients visiting our outpatient
clinic with foot or ankle complaints were asked to participate. When
verbal informed consent was obtained, the patients received the first
set of questionnaires. One week later, the questionnaires were administered online again by email, containing an additional question to detect
possible occurred changes in complaints since the first assessment. To
keep the burden of the patients low, this second questionnaire was
sent until a sufficient sample size was achieved. Reminders by mail
and phone calls were carried out to increase the response rate. Since
the second questionnaire was filled out online, it was not possible to
complete it with missing data.
Since the FAAM has an extensive sports domain, additional subgroup
analysis for reliability was performed for athletes. Athletes were defined
as being a competitive or elite sportsman.

outcome measures
The questionnaires used in this study were the translated Dutch version of the Foot and Ankle Ability Measure (FAAM), the validated Dutch
version of the Foot and Ankle Outcome Score (FAOS), a validated Dutch
version of the Short Form-36 (SF-36) and a Numeric Rating Scale (NRS)
for pain.
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Foot and Ankle Ability Measure (FAAM)
The FAAM is an evaluative self-reported instrument to comprehensively
assess physical function of individuals with musculoskeletal disorders
of the foot and ankle (7). It consists of an ADL (FAAM-ADL) and Sports
(FAAM-SPORT) subscale, containing 21 and 9 items, respectively. Standardized answer options are given in five-point Likert boxes, ranging
from 0 (no difficulty at all) to 4 (unable to do). The sixth option is “not
applicable”, which will not be taken into account when counting the
percentage scores. According to Martin et al., we only calculated a total
subscale if ≤2 items were missing (or inapplicable) in the FAAM-ADL
and if ≤1 item was missing (or inapplicable) in the FAAM-SPORT domain (7). A higher score represents a higher level of function in each
subscale.
In addition to the subscales, participants have to complete a global 0
to 100 rating scale for each subscale (FAAM-ADL% and FAAM-SPORT%)
and an overall categorical 4-points rating scale for function (FAAM-OF).
In the percentage subscales, zero indicates an inability to perform ADL
or sport activities. On the 4-points categorical rating scale for function,
the rating is from normal to abnormal (7).
Foot and Ankle Outcome Score (FAOS)
The Dutch validated FAOS (11) is a self-administered questionnaire,
intended to evaluate functional limitations and symptoms related to
the foot and ankle of the last week (16). It consists of 42 items covering
five separate dimensions: pain (9 items), other symptoms (7), activities
of daily living (ADL, 17 items), sport and recreational activities (5) and
foot- and ankle related quality of life (QOL, 4 items). Five Likert-boxes
are used to answer each question from 0 to 4. Each of the subscale is
scored by calculating the sum of the items included, raw scores were
then transformed to a zero to 100 (worst or best) scale. If one or two
answers are missing, it is allowed to substitute them by the mean value
of the subscale (16).

141

8

Chapter 8

Short Form 36 (SF-36)
The SF-36 is a patient-administered generic health-related quality of life
(HRQL) instrument, also validated in Dutch (17). It consists of 36 items,
distributed over 8 dimensions physical functioning (PF), role emotional
functioning (RE), social functioning (SF), role physical functioning (RP),
bodily pain (BP), vitality (VT), general health (GH) and mental health
(MH) perceptions. These dimensions are calculated on a 0 to 100 scale,
respectively, worst to best. Summary scores for physical and mental
health status can be calculated from these dimensions (17, 18).
Numeric Rating Scale for pain (NRS)
The NRS consists of an 11-points rating scale from 0 to 10, which represents no pain at all to the worst pain imaginable (19). It was used to
determine pain in rest and during walking.

statistical analysis
Measurement properties such as reliability, construct validity and interpretability were assessed as described below. All statistical analysis
were performed using IBM SPSS 20.0 (SPSS Inc. Chicago, IL).

reliability
The reliability of an outcome measurement is defined as the degree to
which the measurement is free from measurement error(12). This study
assessed the reliability by test-retest, the internal consistency and the
measurement error.
Test-retest reliability: the ability of a questionnaire to measure the
same outcome twice in patients with unchanged complaints (12).
Patients were asked to fill out the retest after 7 days. To assess whether
the patient’s complaints remained the same, an additional question
about this was added to the second questionnaire. When a change in
complaints was reported, the patient was excluded from the test-retest
analysis. The intra-class coefficient (ICC-agreement, two-way randomeffects model) was calculated to assess the test-retest reliability (20).
An ICC > 0.7 indicated a good agreement (21).

142

Validity and reliability of a Dutch version of the Foot and Ankle Ability Measure

Internal consistency: the degree of homogeneity of the questionnaire, among the items of each (sub)scale. The internal consistency was
assessed using the Cronbach alpha coefficient (22) of the Dutch FAAM.
A good internal consistency exists when Cronbach alpha is between
0.7 and 0.95 (23).
Measurement Error: the random and systematic error of the patient’s
score that is not attributed to the true changes in the construct(-s)
which are measured (12). Measurement error was calculated as the
standard error of measurement (SEM); the square root of the withinsubject variance (24). From this SEM, the minimal detectable change
(MDC) was calculated at individual level (1.96*√2*SEM) and group level
(SDCindividual/√n) (20).

construct validity
The construct validity is the degree to which an instrument measures
the construct it intends to measure (12). Due to the lack of a “golden
standard”, the validity needs to be assessed in terms of consistency of
the score of interest to other scores to test the theoretically derived hypotheses (12). We evaluated the construct validity by using Spearman’s
correlation coefficients (non-parametric test, assuming that the scores
were not equally distributed) to analyse the association between the
FAAM subscales and the FAOS subscales, the SF-36 domains and the
NRS.
A correlation coefficient between 0.4 and 0.7 has been defined as a
moderate correlation; if the correlation coefficient is lower than 0.4, it
is considered unrelated or measuring different constructs, and above
0.7, the relation is considered to be strong (23). Correlations were
calculated for all subscales with numeric variables. A priori hypotheses
on correlations between subscales of FAOS, NRS, SF-36 and FAAM
were made to evaluate the construct validity. The construct validity
was found sufficient if >75% of the predetermined hypotheses were
confirmed (23). It was hypothesized that there is a strong correlation
of the FAAM-ADL with NRS-Pain in rest and walking, FAOS-Pain, FAOSSymptoms, FAOS-Adl and SF-36-PF, SF-36-BP, SF-36-PCS. For FAAM-

143

8

Chapter 8

SPORT, a strong correlation with FAOS-Sport, FAOS-Symptoms and
SF-36-PF was expected. Low correlations were expected for FAAM-ADL
and Sport with SF-36-MCS, RE and MH.

interpretability
Floor and Ceiling effects were defined as the percentage of the patients
with the lowest or highest score possible on the questionnaire. When
more than 15% of the participants achieved the lowest or highest score
possible, a floor, respectively, ceiling effect was considered to be present (25).

resuLts
Three hundred and sixty-nine patients participated in this validation
study, and 53.7% were female and 46.3% were male. The median age
was 40.5 years (range 23.4-50.9), the median duration of complaints
was 2.3 months (range 1.3 -5.3) and median body mass index was 24.8
(range 22.4-27.6). Of all patients, 38.5% were competitive athletes, 7.5%
professional, 51.3 % recreational and 2.6% were non-athletes, and the
median Ankle Activity Score (AAS) score was 6 (range 5-8). The specified
diagnoses are presented in table 1. The second digital questionnaire
was filled out by 91 patients, of which 21 (23%) were athletes.
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Table 1. Diagnosis in patient population
Diagnosis

% (n)

Osteoarthritis

14.4 (53)

Osteochondral Defect

18.2 (67)

Ankle Instability

3.8 (14)

Impingement

17.1 (63)

Tendinopathy

10.6 (39)

Stress fracture

1.1 (4)

Sinus tarsi

3.3 (12)

Post traumatic

6.2 (23)

Hallux Valgus

4.6 (17)

Other foot injuries

6.8 (25)

Miscellaneous

14.1 (52)

missing data
Of a total of 11.808 FAAM items (369 patients × 32 items), 301 (2.5 %)
items were missing. Of the missing items, 112 (1.4 %) items missed in
the FAAM-ADL, 70 (2.4 %) items in the FAAM-Sport, 35 (9.5%) in the
FAAM-ADL%, 55 (14.9%) in the FAAM-Sport% and 29 (7.9%) in the
FAAM-OF. In the re-test questionnaires, there were no missing items,
since it was an online questionnaire; the patients could not complete
the questionnaire before answering all items.
We were not able to calculate a FAAM-ADL or FAAM-Sport total score
for 94 (21.9%) patients due to too many ‘not applicable’ questions
(FAAM-ADL n=33 (8.9%) and FAAM-SPORT n=78 (21.1%)).
In the athlete subgroup, the percentage missing subscales due to
‘too many not applicable questions’ were, respectively, 7.4% and 8.2%
in the FAAM-ADL and FAAM-Sport subscales.

reliability
Results of the reliability are summarized in Table 2. The Crohnbach’s
alpha was 0.97 for both FAAM-ADL and FAAM-Sport, indicating high
internal consistency. The ICCs were between 0.62 (FAAM-Sport%) and
0.86 (FAAM-ADL) for the subscales; the test-retest reliability was mod-
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Table 2. Reliability results of the FAAM
FAAM-ADL(n)

FAAM-SPORT (n)

FAAM-ADL% (n)

FAAM-SPORT% (n)

Crohnbach’s α

0.98 (n=269)

0.95 (n=270)

ICC

0.86 (n=91)

0.62 (n=84)

0.76 (n=84)

0.62 (n=83)

SEM

8.61 (n=91)

12.28 (n=84)

11.73 (n=84)

16.13 (n=83)

MDC individual

23.86 (n=91)

34.05 (n=84)

32.50 (n=84)

44.72 (n=83)

MDC group

2.77 (n=91)

4.32 (n=84)

3.55 (n=84)

4.91 (n=83)

ICC: Intraclass Correlation Coefficient, SEM: Standard Error of the Measurement, MDC: Minimal Detectable Change

erate (FAAM-Sport, FAAM-Sport%) to good (FAAM-ADL, FAAM-ADL%
and FAAM-OF). The SEM ranged from 8.61 to 16.13.
The reliability results of the athlete subgroup are summarized in
Table 3. In all but the FAAM-Sport% scale, ICCs were higher and the
SEMs were smaller compared to the complete population. Particularly,
for the FAAM-Sport the ICC showed a substantial improvement. In contrast, the FAAM-Sport% question showed a lower ICC and larger SEM.
Table 3. Reliability results of the FAAM in athletes
FAAM-ADL(n)

FAAM-SPORT (n)

Crohnbach’s α

0.97 (n=122)

0.93 (n=122)

FAAM-ADL% (n)

FAAM-SPORT% (n)

ICC

0.93 (n=21)

SEM

6.66 (n=21)

0.82 (n=21)

0.88 (n=21)

0.47 (n=21)

7.10 (n=21)

7.60 (n=21)

MDC individual

20.21 (n=21)

18.46 (n=21)

19.67 (n=21)

21.05 (n=21)

56.02 (n=21)

MDC group

4.03 (n=21)

4.29 (n=21)

4.59 (n=21)

12.23 (n=2)

ICC: Intraclass Correlation Coefficient, SEM: Standard Error of the Measurement, MDC: Minimal Detectable Change

construct validity
Of all prior hypothesized correlations, 80% was confirmed. The observed correlations are presented in Table 4. A priori expected good
correlations (r>0.7) were not found in FAAM-ADL with FAOS-Symptoms
and between FAAM-Sport and FAOS-Symptoms and SF-36-PF.
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Table 4. Spearman’s correlation coefficients (r) between FAAM scores and FAOS subscale scores, SF-36 subscale scores
and NRS scores

FAOS Pain

FAAM-ADL

FAAM-Sport

FAAM-ADL%

FAAM-Sport%

0.77

0.57

0.53

0.27

FAOS Symptoms

0.45

0.41

0.33

0.19

FAOS Adl

0.81

0.60

0.57

0.27

FAOS Sport

0.74

0.70

0.5

0.38

FAOS QOL

0.6

0.58

0.57

0.41

SF36-PF

0.78

0.61

0.5

0.35

SF36-RP

0.53

0.44

0.47

0.25

SF36-BP

0.72

0.57

0.60

0.33

SF36-GH

0.35

0.27

0.35

0.13

SF36-VT

0.44

0.31

0.32

0.10

SF36-SF

0.58

0.45

0.47

0.26

SF36-RE

0.37

0.31

0.37

0.19

SF36-MH

0.39

0.29

0.28

0.08

SF36-PCS

0.75

0.57

0.57

0.31

SF36-MCS

0.27

0.21

0.26

0.09

NRS rest

-0.45

-0.40

-0.42

-0.16

NRS walk

-0.61

-0.44

-0.4

-0.21

NRS run

-0.40

-0.49

-0.33

-0.30

NRS sport

-0.34

-0.42

-0.34

-0.43

FAAM-ADL%

0.66

0.55

•

0.60

FAAM-Sport%

0.37

0.59

0.60

•

PF Physical function, RP role physical, BP bodily pain, , GH general health, VT vitality, SF social function, RE role-emotional, MH
mental health, PCS physical component summery score, MCS mental component summary score

Floor and ceiling effects
In the FAAM subscales and percentage questions, no floor or ceiling
effects were observed. Highest percentage of lowest possible score
was 14.3% for FAAM-Sport% subscale. A floor effect was observed for
NRS for pain in rest and ceiling effects were detected for SF-36 Social
Functioning and NRS running. In SF-36, Role Emotional and Role Physical subscales both a floor and ceiling effect were observed (Table 5).
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Table 5. Descriptives and percentages of lowest scores of the FAAM, FAOS, NRS and SF-36
N

Median (IQR)

Mean (SD)

Lowest score (%)

Highest Score (%)

326

52.4 (37.9-70.2)

54.4 (22.9)

1 (0.3)

7 (2.1)

FAAM-ADL
FAAM-Sport

292

18.8 (6.3-34.4)

25.0 (23.4)

39 (13.4)

6 (2.1)

FAAM-ADL%

334

60.0 (40.0-80.0)

60.4 (23.4)

2 (0.6)

14 (4.2)

FAAM-Sport%

314

30.0 (10.0-60.0)

37.6 (30.2)

45 (14.3)

16 (5.1)

FAAM-OF

340

3 (2-3)

•

19 (5.1)

28 (7.6)

FAOS-Pain

352

55.9 (41.7-72.2)

57.7 (21.5)

1 (0.3)

14 (4.0)

FAOS-Symp

364

57.1 (39.3-75.0)

57.7 (22.3)

2 (0.5)

11 (3.0)

FAOS-ADL

355

70.6 (50.0-86.8)

67.3 (23.7)

3 (0.8)

24 (6.8)
13 (3.8)

FAOS-Sport

343

35.0 (18.8-60.0)

39.6 (28.0)

34 (9.9)

FAOS-QOL

367

25.0 (12.5-43.8)

30.4 (22.1)

34 (9.3)

7 (1.9)

SF-36 PF

359

50.0 (35.0-75.0)

54.3 (25.4)

9 (2.5)

17 (4.7)

SF-36 RP

356

25.0 (0.0-93.8)

41.4 (41.1)

141 (39.6)*

89 (25.0)#

SF-36 BP

356

42.0 (31.0-62.0)

46.4 (21.8)

13 (3.7)

11 (3.1)

SF-36 GH

353

72.0 (56.3-87.0)

68.9 (21.8)

1 (0.3)

21 (5.9)

SF-36 VT

356

65.0 (45.0-75.0)

61.5 (20.2)

0

8 (2.2)

SF-36 SF

357

75.0 (50.0-93.8)

70.0 (27.0)

9 (2.5)

89 (24.9)#

SF-36 RE

350

100.0 (33.3-100.0)

71.7 (40.7)

71 (20.3)*

219 (62.6)#
25 (7.0)

SF-36 MH

356

76.0 (64.0-88.0)

74.0 (19.0)

0

SF-36 PCS

346

37.4 (31.3-45.2)

38.0 (9.9)

0

0

SF-36 MCS

346

53.0 (43.5-59.0)

50.5 (10.8)

0

0

NRS rest

362

3.0 (1.0-5.0)

3.2 (2.7)

79 (21.8)*

5 (1.4)

NRS walk

358

6.0 (3.0-8.0)

5.4 (2.8)

22 (6.1)

14 (3.9)

NRS run

189

8.0 (5.0-9.0

7.0 (2.8)

7 (3.7)

43 (22.8) #

NRS sport

202

7.0 (4.0-9.0)

6.3 (2.9)

8 (4.0)

27 (13.4)

* = floor effect, # = ceiling effect

DiscussioN
The most important finding of the present study was that the Dutch
version of the FAAM is a valid measurement in foot and ankle complaints and comparable to other available versions of the FAAM. In this
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study, the validity and reliability of a Dutch translation of the FAAM
was evaluated in a Dutch population with various foot and ankle
complaints. Although sufficient construct validity was detected, this
study shows that the reliability of the Dutch FAAM is not optimal in the
involved population. For the design of this study, the COSMIN checklist
(12) was used, in order to avoid confusing terminology of the measuring properties.
The number of missing items was low (2.5%), and the highest percentage of missing items was in the FAAM-Sport% subscale (14.9%).
Our percentage of missing values is slightly higher than reported in
other validation studies (9, 11), possibly due to the fact that we used
three other PROMs for comparison (FAOS, SF-36, NRS for pain), thereby
increasing burden for the patients. In addition, other validation studies
did not take into account the FAAM-% questions, which had the highest
number of missing items in the current study. The number of missing
scores, due to ‘too many missing’ items, decreased from 21.1% to 8.2%
in FAAM-Sport in the athletes subgroup. Therefore, we consider the
use of the FAAM to be more applicable in athletes than in the general
population with foot and ankle injuries.
Internal consistency was high; Cronbach’s alpha was 0.97 for both
FAAM subscales. This high internal consistency was also found in other
validation studies of the FAAM (9, 10). According to Terwee et al., a good
internal consistency exists when Cronbach’s alpha is between 0.7 and
0.95 (23). A Cronbach’s alpha exceeding 0.95 indicates high correlation
between the items in the scale suggesting redundancy of one or more
items. A moderate (FAAM-Sport and FAAM-Sport%) to good (FAAMADL, FAAM-ADL% and FAAM-OF) test-retest reliability was found. In
other FAAM reliability studies, this was comparable (7-9). Only Borloz
et al. reported higher ICC values; however, they performed the retest
after two days already (10).
The SF-36, NRS for pain and FAOS are all available in Dutch language
and suitable for the Dutch population. Hence, these were the most
appropriate instruments to measure the construct validity of the FAAM.
The construct validity for the FAAM was sufficient since 80% of a priori

149

8

Chapter 8

hypotheses was confirmed. This criteria is recommended by the COSMIN checklist, and was also used in a previous validation study (11).
According to the definitions of McHorney and Tarlov (25), no floor
or ceiling effects were found for the subscales of the FAAM, this is
observed in other validation studies as well (7, 9, 10).
The minimal detectable changes at individual level were large, 23.9
for FAAM-ADL and 34.0 for FAAM-Sports. This was due to the high SEM,
which was higher than in the other validation studies (11, 26, 27). The
minimal detectable change at group level in this sample of 91 and 84
patients was 2.77 and 4.37 for FAAM-ADL and FAAM-Sports, respectively. For group comparison, a change of at least this value is needed
to be interpreted as a real change. Other FAAM validation studies
reported lower MDCs and SEMs than found in this study. Especially, the
FAAM-Sport% showed a high SEM of 16.13. According to our results;
the Dutch FAAM is less suitable for measuring individual changes and
in measuring group-changes, the sample size needs to be large. In the
athletes subgroup these results slightly increase, but still MDCs and
SEMs are not sufficient.
One of the limitations of this study was that the patients did not fill
out the questionnaire twice under the same circumstances, which is
recommended for proper reliability assessment (12). The participants
filled out the first questionnaire in the clinic on paper, where they filled
out the second digitally at home. Another difference concerning the
digital version of the second questionnaire was the fact that patients
could not leave questions unanswered. This forced lack of missing
items in the second questionnaire and could have influenced the reliability. Furthermore, as earlier mentioned, we exposed the participants
to a large number of questions. In our format, the FAAM was the third
questionnaire to fill out (after the NRS and the FAOS). Due to possible
decreasing patient compliance, the response rate of the FAAM could
be lowered (FAAM-ADL n=33 (8.9%) and FAAM-SPORT n=78 (21.1%)).
Another remarkable observation was the amount of missing
subscales due to too many questions marked as not applicable. This
influenced the number of FAAM-ADL and FAAM-Sport subscales that
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were suitable for a total subscale value and thus comparisons. To our
knowledge, others did not experienced or report this. In the athlete
subgroup these amounts were not as remarkable, with especially for
the FAAM-Sport a clearly lower percentage of missing scores due to too
many not applicable answers. An explanation for the higher amounts
of inapplicable questions in the sports subscale is possibly the fact that
not all patients do participate in sports, which makes this questionnaire
not applicable for non-athletes. However, only 2,6% of the patients
stated they did not participate in any sports activity.
Also in terms of reliability, the FAAM showed improved properties
in the athlete subgroup. ICCs were higher for all subscales except the
FAAM-Sport% and smaller SEMs were detected in all but the FAAMSport% scale. Particularly, the FAAM-Sport scale had better reliability
in the athlete subgroup. Remarkable is the lower ICC in this athletes
group. It is, however, debatable what the added value of the two
percentage subscales is. In other validation studies of the FAAM these
questions were not reported (7-10). Based on the results of this study
the FAAM-Sport% question seems not to contribute to the FAAM in the
study population.

coNcLusioN
This validation study confirms that the FAAM in Dutch is a valid measurement in foot and ankle complaints and comparable to other available versions of the FAAM. Although sufficient construct validity was
detected, this study shows that the reliability of the Dutch FAAM is not
optimal in the general population. The FAAM-Sport scale is more useful
in athletes, and the FAAM-Sport% question seems not to contribute.
The FAAM can be used in athletes to assess changes at group level, but
for clinical relevant individual comparisons, the Dutch FAAM questionnaire is not proven appropriate.
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ABstrAct
Background There is an increasing interest in the use of Patient Reported Outcome Measures (PROMs). However, there is a large variety
of PROMs and a lack of consensus regarding preference for their use.
Aim of this study is to determine how often PROMS are used for foot
and ankle disorders, for what purpose PROMs are used, and what the
preferences of the foot and ankle surgeons are, when choosing a PROM
to use.
methods Members of the Ankleplatform Study Group were invited
to participate in this survey by email. The online survey consisted of six
questions on the use and preferences regarding foot and ankle PROMs.
results 188 participants completed the questionnaire. Of the respondents 17% reported not to use PROMs, 72 % stated to use PROMS
for research, 39% routinely for patient care and 34% for registration
or quality assessment. The respondents were familiar with 30 different
outcome measures, of which 20 were PROMs. One of the excluded
outcome measures, the AOFAS Hindfoot scale was most commonly
reported as preferred outcome measure. FAOS and MOXFQ were the
preferred PROMs, reported by 9.7% of the surgeons. Subsequently followed by the FFI (4.3%), the FAAM (3.7%) and the VAS-FA (3.7%).
conclusion A large majority of the foot and ankle surgeons uses
PROMs. The AOFAS hindfoot scale is mentioned as the most preferred
outcome measure, while in fact this is not a PROM. Of the twenty different PROMs mentioned in this study, most reported were the FAOS
and MOXFQ both supported by only 9.7% of the surgeons. For proper
comparison between patients in clinical practice and research, consensus is needed on which easy-to-use PROM with adequate clinimetric
properties should be used. Therefore more evidence in the field of
clinimetrics of foot and ankle outcome measures is needed.
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iNtroDuctioN
Patient reported outcome measures (PROMs) are standardized, validated questionnaires completed by patients to measure their perceptions of their own functional status and well-being (1). Many measures
were originally designed for assessing effectiveness of treatment in the
context of clinical trials, but are now also widely used to assess patient
perspectives of care outcomes (2).
Individual physicians and hospitals are increasingly using PROMs,
however widespread use by health systems is still uncommon and
largely restricted to England, Sweden, and parts of the United States(3).
The integration of PROM data collection into routine clinical practices has been recognized as essential within the movement towards
patient-centered approaches to medical care (4).
Also in orthopedics there is an increasing interest in the use of
PROM’s. However, there is a large variety of PROMs and a lack of consensus regarding preference for PROMs. A recent study showed that for
foot and ankle disorders, 139 scores were described in the literature, of
which a large part, up to 25%, were reported in more than five different
papers (5). It has been reported that commonly used foot and ankle
PROMs were highly correlated to each other, and therefore the use of
a single PROM is sufficient (6). There is need for a consensus regarding
the use of which PROM in foot and ankle disorders.
To achieve consensus, more evidence is needed. A review of validation studies showed that only five PROMS satisfied the four clinimetric
categories of evidence: content validity, construct validity, reliability,
and responsiveness (7). In addition, it is important to know what the
preferences of the orthopedic surgeon are. The only survey on PROM
usage in foot and ankle disorders is performed a decade ago (8). That
study reported 87% of the orthopedic surgeons not to use a validated
PROM on a routinely base. Since then, there have been several developments in the use of PROM’s. National organizations have started
to introduce PROMS in their guidelines (9). An increasing amount of
foot and ankle specific PROMs has been developed and validated. In
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our opinion there is an increased recognition amongst orthopedic
professionals, of the important role PROMs can play in the improvement of patient care, research and quality of health care. It is, however,
unknown to which extent PROMS are currently used by foot and ankle
surgeons, and what in their opinion are important properties a PROM
should have.
Aim of this study is to determine how often PROMS are used for foot
and ankle disorders in the daily orthopedic or trauma surgery practice.
In addition we will determine for what purpose PROMs are used and
what the preferences of the foot and ankle surgeons are, regarding
PROMs.

methoDs
Population
Members of the Study Group were invited to participate in this survey.
The Study Group is part of a worldwide collaboration of experts in the
field of foot and ankle surgery. Only orthopedic, trauma, podiatric or
foot and ankle surgeons were invited to participate in this study.

Design
A survey was developed and tested on three orthopedic surgeons of
our own institute. Based on the feedback of this pilot, the questionnaire was adapted. The definitive version of the survey consisted of the
following six questions:
1.
2.
3.
4.
5.

Which Foot and Ankle PROMs are you familiar with?
For what purpose do you use Foot and Ankle specific PROMs?
Which PROM(s) do you prefer to use?
What makes you choose a specific PROM?
Which properties (according to the COSMIN checklist(10)) are most
important when deciding to use a specific PROM in individual
patient care?
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6. Which properties (according to the COSMIN checklist(10)) are most
important when deciding to use a specific PROM in research?
Members were invited by email. To participate in this study, participants
were asked to log on to the study page on research.ankleplatform.com.
Participants had two weeks to fill out the questionnaire. A reminder
was send after one week.
Demographic characteristics were collected from the Amsterdam
Foot and Ankle Platform –member database.
Only real patient-reported outcome measures were included in the
analysis. Physician-based or mixed outcome measures were excluded.

statistical analyses
Categorical data were presented as frequencies and percentages or as
mean and standard deviation in case of continuous data. Categorical
outcomes were compared using Chi-square test. P values < 0,05 were
considered statistically significant. Statistical analyses were performed
using Rstudio version 0.98.1103 (RStudio, Boston, MA, USA), R version
3.1.3 (The R Foundation, Vienna, Austria).

resuLts
A total of 377 members were invited. One hundred eighty-eight
completed the online questionnaire within two weeks, resulting in a
response rate of 50%. Of the responding members, the mean age was
37.8 (SD 7.1). A large majority was male (94%). The members originated
from 53 different nations, representing all six continents. Most common country of origin was United Kingdom (12%), followed by the
Netherlands (9%), Italy (8%), Brazil (6%) and Spain (6%).
Of the respondents 17% reported not to use PROMs (Figure 1a), 72
% stated to use PROMS for research, 39% routinely for patient care and
34% for registration or quality assessment (Figure 1).
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Thirty different outcome measures were mentioned, of which ten
non-PROMs were excluded (Table 1). One of the excluded outcome
measures was the AOFAS Hindfoot scale, that was a mentioned as
preferred PROM by 78 surgeons (41.4%).
Of the twenty included PROMs, the VAS-FA (50.0%) was the most frequently mentioned followed by the FAOS (28.2%), AAOS-FAM(23.4%),
FFI (22.3%) and FADI (15.4%) (Figure 2).
The FAOS and MOXFQ were the most preferred PROMs, both reported
by 9.6% of the surgeons. Subsequently followed by the FFI (4.3%), the
FAAM (3.7%) and the VAS-FA (3.7%) (Figure 3).
To the question what the most important reason is to use a specific
PROM, 71% answered ‘Quick and easy to use’, followed by ‘Commonly
used in literature’ (68%) and ’Validated and proven reliable’ (60%). Used
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Table 1. Overview of all outcome measures mentioned by study participants and their abbreviations
Abbreviation

Name

First publication

AAOS-FAM

American Academy of Orthopaedic Surgeons Lower Limb Outcomes
Assessment Instruments- Foot and Ankle Module

Johanson et al. (16)

AJFAT

Ankle Joint Functional Assessment Tool Questionnaire

Rozzi et al. (17)

CAIT

Cumberland ankle instability tool

Hiller et al. (18)

EQ5D

EuroQol five dimensions questionnaire

EuroqolGroup (19)

FAAM

Foot and Ankle Ability Measure

Martin et al (20)

FADI

Foot Ankle Disability Index

Martin et al (21)

FAOS

Foot and Ankle Outcome Score

Roos et al. (22)

FFI

Foot Function Index

Budiman-Mak et al(23)

HQ

Hannover Questionnaire

Thermann et al. (24)

KAFS

Karlsson Ankle Function Scale

Karlsson and Peterson (25)

LEFS

Lower Extremity Function Score

Binkley et al. (26)

MFA

Musculoskeletal Function Assessmen

Martin et al. (27)

MOXFQ

Manchester-Oxford Foot Questionnaire

Dawson et al. (13)

OAFQ

Oxford ankle foot questionnaire for
children

Morris et al (28)

OMAS

Olerud-Molander Ankle Score

Olerud and Molander(29)

SAFAS

Sports Athlete Foot and Ankle Score

Morssinkhof et al. (30)

SEFAS

Self-reported Foot and Ankle Score

Cöster et al. (31)

SF36

Short-Form 36

Ware and Sherbourne (32)

SFAQ

Swindon Foot and Ankle Questionnaire

Waller et al. (33)

VAS-FA

Visual Analogue Scale Foot and Ankle

Richter et al. (34)

PROMs Included

PROMs Excluded
AAS

Ankle Activity Score

Halasi et al (35)

AFS

Ankle Function Score

De Bie et al. (36)

ACFAS

American College of Foot and Ankle Surgeons Scoring Scales

Cook et al. (37)

AOFAS

American Orthopaedics Foot and Ankle Society – Ankle Hindfoot Scale

Kitaoka et al (38)

BHO

Berndt and Harty outcome question

Berndt and Harty(39)

JSSF

Japanese Society for Surgery of the Foot standard rating system

Niki et al. (40)

KFS

Kaikkonen Function score

Kaikkonen et al. (41)

LS

Leppilahti score

Leppilahti et al (42)

OH

Ogilvie-Harris scoring system

Ogilvie-Harris et al. (43)

Tegner

Tegner Activity Scale

Tegner and Lysholm (44)
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by colleagues (31%) and prescribed by hospital or institute (3%) were
less reported as reason for usage. Most important characteristics of
PROMs were similar for both research and patient care (Figure 4).
Surgeons younger than 40 years were more likely to use PROMs
compared with older colleagues (90% vs 77%, X²=4.44 p = 0.035).
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A. Arguments to choose for a specific PROM
B. Important clinimetric properties
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DiscussioN
The most important finding of this study is that a large majority of the
foot and ankle surgeons use PROMs, however, a large variety in both
the use of PROMs and preferences amongst foot and ankle surgeons
exists. 39% uses PROMs routinely in patient care and only 34% uses
PROMs for quality assessment. Among physicians that do use PROMs,
there is a large variation in which PROM is preferred. The FAOS and
MOXFQ are currently the most commonly preferred PROM. Younger
surgeons are more likely to use PROMs.
With twenty different PROMs mentioned by the participants, this
study shows the large variety of available outcome measures in foot
and ankle patients. Nineteen were also reported as most preferred.
Therefore this study underlines the disunity amongst surgeons regarding PROMs. This is also supported by the fact that the most popular
PROMs were only mentioned by 9.7% of the participants. Quick and
easy to use, commonly used in the literature, being validated and
proven reliable are the most commonly reported arguments for the
use of a specific PROM. This corresponds to the most popular PROMs,
FAOS and MOXQF, both easy to use and well validated in different
languages (11-13).
In the survey performed by Lau et al. on ankle outcome measurements, the AOFAS Hindfoot scale was preferred by the majority respondents (64%) (8). It has to be noted that this was a survey among AOFAS
members. We conclude that a decade later, the AOFAS Hindfoot scale
is still a popular ankle outcome measure. The same study showed that
45% did not use a questionnaire (8). When compared to our results, it
seems that in the past decade the use of PROMs has increased, since
only 17% of respondents did not use PROMs. Lau et al. also found that
a large proportion of the respondents (41%) did not know which questionnaire was validated. Of the respondents in this study 60% stated
that they choose a PROM when it is validated and proven reliable. This
shows there is room for more awareness on the importance of the use
of validated outcome measures.
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We excluded the AOFAS score out of our analysis, because it is not
(only) a PROM. However, it was mentioned by a large group of the
participants in this study as the their preferred ‘PROM’. Although the
AOFAS Hindfoot score is quick and easy to use, the score has some disadvantages. Though literature suggest differently, the AOFAS Hindfoot
scale is not a PROM. It contains subjective questions relating to pain
and function and objective questions regarding motion and stability,
both filled out by the physician. This makes the AOFAS Hindfoot scale
not suitable for direct comparison with results from pure patient reported outcome measurements, since the AOFAS score is not filled out
by the patient alone. A recent study that investigated which outcomes
are most important for patients, it was found that up to half of the
elements of the AOFAS scores are not of primary importance to the
patient (14).
In a systematic review, Hunt and Hurwit identified 139 different
patient-reported foot and ankle specific outcome measures. The AOFAS Hindfoot scale was the most popular outcome measure, followed
by VAS and SF36, both PROMs that are not site-specific. Their reported
most popular foot and ankle PROM was the FFI, used in only 6% of
the studies (5). Martin and Irrgang reported only five patient-reported
outcome measures (SARS QOL, FFI, FHSQ, LEFS, FAAM) to have supporting evidence in terms of content validity, construct validity, reliability
and responsiveness (7). It was reported that there was discrepancy in
terminology with respect to validity, reliability and responsiveness.
Hence, PROMs should be chosen on base of commonly accepted and
used definitions of these values. Therefore, it should be considered to
use a consensus in these criteria. For example the criteria developed by
the COSMIN group (15) could be used in further research on clinimetric
properties of patient reported outcome measures.
Strength of this survey is the generalizability; respondents represent
53 different countries. The response rate of 50% is good, especially
in comparison with other surveys (8). It provides a reliable sample of
the members of an educational platform for orthopedic and trauma
surgery with interest in foot and ankle surgery. Prior to participate
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in the survey, the members were not informed on the use of PROMS,
therefore the chance of recall bias is small.
The advantage of using PROMs in healthcare is the ability to detect
results of treatments and improvement in individual patients. Furthermore, with PROMs, outcomes of specific disorders can be compared
between patients, hospitals and even between countries. Hence, they
can be used to compare and improve quality of healthcare. This study
emphasizes the need for consensus and consistency in their use. Foot
and ankle surgeons prefer easy to use and validated outcome measures.
Therefore more evidence is needed on the clinimetric properties of the
available patient-reported outcome measures. Future studies should
focus on the comparison of clinimetric properties of PROMs in foot and
ankle disorders.

coNcLusioN
A large majority of the foot and ankle surgeons uses PROMs. The AOFAS
hindfoot scale is mentioned as the most preferred outcome measure,
while in fact this is not a PROM. Of the twenty different PROMs mentioned in this study, most reported were the FAOS and MOXFQ both
supported by only 9.7% of the surgeons. For proper comparison between patients in clinical practice and research, consensus is needed
on which easy-to-use PROM with adequate clinimetric properties
should be used. Therefore more evidence in the field of clinimetrics of
foot and ankle outcome measures is needed.
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Chapter 10

ABstrAct
Doel Onderzoeken welke valide en betrouwbare patiëntgerapporteerde uitkomstmaten (PROM’s) beschikbaar zijn voor voet- en
enkelaandoeningen voor de Nederlandse populatie en welke daarvan
het meest geschikt is voor uniform gebruik.
opzet Systematisch review.
methode We zochten systematisch in PubMed, Embase en Google
Scholar naar relevante artikelen, waarna 2 onderzoekers eerst de titel
en het abstract screenden en van een selectie daarvan ook het volledige artikel. We includeerden studies die een validatieproces voor een
voet- en enkel-PROM bij een Nederlandse populatie beschreven. We
extraheerden gegevens over de meeteigenschappen en vertaalprocedure en beoordeelden de methodologische kwaliteit van de studies
volgens de COSMIN-checklist (COSMIN staat voor ‘Consensusgebaseerde standaarden voor de selectie van gezondheidsmeetinstrumenten’).
resultaten In het Nederlands waren 2 algemene voet- en enkelPROM’s gevalideerd, de ‘Foot and ankle outcome score’ (FAOS) en de
‘Foot and ankle ability measure’, en 2 voet-PROM’s, de ‘Manchester foot
pain and disability index’ en de ‘Foot function index’ van 5 punten
(FFI-5pt). Ook waren 2 aandoeningspecifieke PROM’s in het Nederlands
beschikbaar, de ‘Victorian institute of sports assessment-achilles’ voor
achillespees-tendinopathie en de ‘Foot impact scale for rheumatoid
arthritis’ voor reumatoïde artritis.
conclusie De FAOS en FFI-5pt hadden het sterkste bewijs voor
goede meeteigenschappen. Op dit moment zien wij de FAOS als meest
geschikte voet- en enkel-PROM voor gebruik voor algemene voet- en
enkelklachten. Meer studies van hoge methodologische kwaliteit zijn
echter nodig om sterkere conclusies te kunnen trekken.
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iNtroDuctie
Om de ervaren gezondheidsstatus, functionele status of gezondheidsgerelateerde kwaliteit van leven van patiënten te meten, kunnen zij
gevraagd worden gestandaardiseerde, gevalideerde vragenlijsten in te
vullen (1). Deze vragenlijsten omvatten dus door patiënten gerapporteerde uitkomstmaten (‘patient-reported outcome measures’, PROM’s).
PROM’s worden steeds belangrijker in de geneeskunde, omdat datgene wat de patiënt ervaart als resultaat van de behandeling sterk kan
afwijken van hoe de zorgverlener dit beoordeelt (2). Het gebruik van
PROM’s zal naar verwachting een bijdrage leveren aan verbetering van
de kwaliteit van de gezondheidszorg (3).
Binnen verscheidene specialismen worden PROMs nu gebruikt, niet
alleen als uitkomstmaat in vergelijkend onderzoek maar ook in de
klinische praktijk om de behandeling van individuele patiënten te
beoordelen. PROM’s zijn belangrijk om de verandering te kunnen uitdrukken die door de patiënt wordt ervaren na een behandeling of na
verloop van tijd. Daarbij worden PROM’s gebruikt of kunnen ze worden
gebruikt als kwaliteitsmeting van de geleverde gezondheidszorg (3).
Door het gebruik van PROMs wordt de gezondheidszorg inzichtelijker (4). PROMs kunnen situatiespecifiek zijn voor een patiëntengroep
met een bepaalde aandoening, of generiek voor het meten van een
bepaald begrip (‘construct’) zoals kwaliteit van leven.
Patiënten met voet- en enkelaandoeningen komen bij verschillende
specialisten. Zo ziet de vaatchirurg en internist veel patiënten met
diabetische voetproblemen. De huisarts, sportarts, chirurg en orthopedisch chirurg krijgen regelmatig patiënten met acute enkelblessures
of gevolgen van overbelasting op het spreekuur. De reumatoloog
daarentegen ziet patiënten met reumatische aandoeningen van de
voeten en enkels.
Om de vergelijking tussen de verschillende patiënten en ziekten of
de verschillende artsen en gezondheidscentra te vergemakkelijken,
verdient het de voorkeur een uniforme PROM te hanteren. Wat betreft
het bewegingsapparaat is er een richtlijn voor het gebruik van PROM’s
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voor aandoeningen van de knie- en heup (5), maar deze ontbreekt voor
voet- en enkelaandoeningen.
In deze onderzochten we systematisch welke PROM’s voor de voet of
enkel in het Nederlands zijn vertaald en gevalideerd. Daarnaast beoordeelden we voor welke van deze PROM’s de bewijskracht het grootst
was en welke daarom het meest geschikt zou zijn voor uniform gebruik.

methoDe
We zochten systematisch in PubMed, Embase en Google Scholar met
een gerichte zoekstrategie (figuur). We includeerden alleen Engels- en
Nederlandstalige artikelen die een validatieproces voor een voet- en/
of enkel- PROM bij een Nederlandse populatie beschreven. Eerst selecteerden 2 onafhankelijke beoordelaars (RZ, HW) de geschikte studies
op basis van de titel en het abstract; bij twijfel volgde beoordeling door
een derde beoordelaar (GK). Vervolgens verrichtten de 2 beoordelaars
een screening van de volledige tekst van de artikelen op dezelfde wijze.
COSMIN Hiervoor hanteerden we de checklist ‘Consensusgebaseerde
standaarden voor de selectie van gezondheidsmeetinstrumenten’
(‘Consensus-based standards for the selection of health measurement
instruments’, COSMIN) (6). COSMIN is een internationale groep onderzoekers die zich inzet voor het optimaliseren van de selectie en het
gebruik van meetinstrumenten op het gebied van gezondheid. De
groep heeft standaarden ontwikkeld voor de methodologische kwaliteit van klinimetrische studies (zie www.cosmin.nl). Om de beoordeling van meeteigenschappen te verbeteren heeft de COSMIN-groep de
Delphi-studie uitgevoerd. Met deze studie werd consensus bereikt op
het gebied van terminologie, definities en taxonomie van relaties tussen meeteigenschappen (tabel 1). We excludeerden artikelen die geen
van de klinimetrische meeteigenschappen bevatten die door COSMIN
beschreven zijn. Daarnaast doorzochten we de literatuurlijsten van relevante artikelen op mogelijk aanvullende studies. Aan de hand van de
COSMIN-checklist met een 4-puntsschaal beoordeelden 2 onafhanke-
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Tabel 1. Definities en kwaliteitscriteria van klinimetrische eigenschappen volgens de COSMIN checklist
Meeteigenschap
Betrouwbaarheid

Box

Definitie volgens COSMIN

Kwaliteitscriteria: resultaat
positief indien

Mate waarin een meting vrij is van
meetfouten

-

Interne consistentie

A Mate van verbondenheid tussen items

Crohnbach’s alpha ≥ 0.7

-

Meetfout

C Systematische en willekeurige fout van
een score die niet toegeschreven kan
worden aan ware veranderingen in het
te meten begrip

MIC > SDC of MIC buiten de LoA

-

Betrouwbaarheid

B Deel van totale variatie in meting die
gevolg is van echte verandering

ICC/gewogen Kappa ≥ 0.7 of
Pearson’s r ≥ 0.8

Validiteit
begripsvaliditeit
(hypothesen toetsen)

Mate waarin een PROM meet wat deze
moet meten
F Mate waarin scores van PROM consistent
zijn met hypothesen

begripsvaliditeit
(structurele validiteit)

E Mate waarin scores van PROM adequate
weergave zijn van de dimensionaliteit
van het begrip dat gemeten moet
worden

Cross-culturele validiteit

G Mate waarin de scores van de vertaalde
vragenlijst daadwerkelijk vergelijkbaar
zijn met scores op de oorspronkelijke
vragenlijst

Responsiviteit

I Vermogen van PROM om een verschil
over de tijd op een gemeten begrip te
detecteren

MIC: Minimal Important Change
SDC: Smallest Detectable Change
LoA: Limits of Agreements
ICC: Intra Class Correlation
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Correlaties met instrumenten
die hetzelfde begrip meten ≥
0.5 óf ten minste 75% van de
resultaten is in overeenstemming
met de hypotheses én correlaties
met gerelateerde begrippen zijn
hoger dan met ongerelateerde
begrippen
Factoren verklaren ten minste
50% van de variantie

Correlaties met veranderingen
op instrumenten die hetzelfde
begrip meten ≥ 0.5 of ten
minste 75% van de resultaten
in overeenstemming met de
hypothesen
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lijke beoordelaars (RZ, IS) de methodologische kwaliteit van de studies
wat betreft het vertaalproces en de meeteigenschappen (7). Met deze
checklist kan een methodologische kwaliteitsscore bepaald worden
per meeteigenschap (box; zie voor de complete checklist: http://www.
cosmin.nl/COSMIN.html). Voor elke meeteigenschap geldt: ‘de laagste
score telt’. In onze studie deden we 2 aanpassingen. We beoordeelden
het vertaalproces door alleen de items voor de vertaalprocedure te
selecteren uit de box ‘Cross-culturele validiteit’ (box G). Wat betreft de
box ‘Betrouwbaarheid’ (‘Reliability’) deden we een aanpassing voor
de testsituatie. Als er een stabiele populatie, een hoge intraklassecorrelatiecoëfficiënt, maar een verschillende testomgeving voor beide
meetmomenten was, scoorden we de studie als ‘redelijk’ in plaats van
‘zwak’. Dit deden we vanwege onderschatting van de intraklassecorrelatiecoëfficiënt die dan plaatsvindt.
De 2 beoordelaars bespraken discrepanties tussen de methodologische beoordelingen in een consensusmeeting om tot een uiteindelijk
methodologisch oordeel te komen. Waar mogelijk combineerden we
de resultaten van verschillende studies.

resuLtAteN
Het doorzoeken van de geselecteerde databases leverde een totaal
van 1729 artikelen op, waarvan na uitgebreide screening uiteindelijk
7 studies overbleven die aan onze inclusiecriteria voldeden (zie figuur).
De 7 geïncludeerde studies beschreven in totaal 6 verschillende
gevalideerde PROM’s die in het Nederlands vertaald waren: de ‘Foot
and ankle outcome score’ (FAOS), ‘Foot function index’ (FFI), ‘Victorian
institute of sport assessment-achilles’ (VISA-A), ‘Foot and ankle ability
measure’ (FAAM), ‘Manchester foot pain and disability index’ (MFPDI)
en ‘Foot impact scale for rheumatoid arthritis’ (FIS-RA). Er waren 2 algemene PROM’s voor de voet en enkel (FAOS, FAAM) en 2 algemene
PROM’s alleen voor de voet (FFI, MFPDI). Daarnaast waren er 2 aandoeningspecifieke PROM’s in het Nederlands beschikbaar, namelijk de
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Databases:
PubMed, Embase en Scholar.Google
Datum:
1 oktober 2014
Zoektermen:
("Ankle"[MeSH Terms] OR "Foot"[MeSH Terms] OR "Foot Diseases"[Mesh] OR "Ankle Joint"[Mesh] OR "Foot Joints"[Mesh] OR foot[tiab] OR
ankle[tiab]) AND ((instruments[tiab] OR scales[tiab] OR Questionnaires[tiab] OR measures[ti] OR methods[ti] OR outcome measurements[
tiab] OR (tests[tiab] AND review[tiab]) OR Questionnaires[ MeSH] OR interview[MeSH])) AND (((reproducibility of results[MeSH] OR
Psychometrics[MeSH] OR Observer variation[MeSH] OR quality[ti] OR assess*[ti] OR validation studies[pt] OR evaluation studies[pt] OR
reproduc*[tiab] OR reliab*[tiab] OR intraclass correlation[tiab] OR internal consistency[tiab] OR valid*[tiab] OR responsive*[tiab] OR
agreement[tiab] OR factor analysis[tiab] OR factor analyses[tiab] OR factor structure[tiab] OR discriminant analysis[tiab] OR
((clinimetric[tiab] OR psychometric[tiab]) AND (propert*[tiab] OR analys*[tiab])) OR (measurement[tiab] AND propert*[tiab]) OR
((minimal*[tiab] OR smallest[tiab]) AND (important[tiab] OR detectable[tiab] OR real[tiab]) AND (change[tiab] OR difference[tiab])))))

Totaal 1729 Artikelen
Geschreend op titel en samenvatting
1713 Artikelen geëxcludeerd
Reden:
Geen PROMs
Geen validatiestudie
Geen Nederlandse populatie

16 Artikelen
Gescreend op volledige tekst

9 Artikelen geexcludeerd
Reden:
Geen klinimetrische
uitkomstmaten
Geen Nederlandse populatie

7 artikelen geïncludeerd

Figuur 1. Zoekstrategie

VISA-A voor achillespees-tendinopathie en de FIS-RA voor reumatoïde
artritis. De FAOS was gevalideerd in 2 verschillende studies.

methodologische kwaliteit
In tabel 2 zijn de methodologische kwaliteit van het vertaalproces en
de klinimetrische eigenschappen weergeven per studie. De kwaliteit
van de vertaalprocedure was ‘goed’ in 6 van de 7 studies. Alleen de
studie naar de FFI scoorde ‘zwak’ (9). Wat betreft de klinimetrische
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Vertaalprocedure

goed
zwak
goed

FAOS
FFI
FAOS

van den Akker-Scheek (2013)(8)

Kuyvenhove (2014)(9)

Sierevelt (2014)(10)
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goed
goed
goed

FAAM
FIS
MFPDI

Weel (2014)(12)

Woodburn (2011)(13)
goed

goed

zwak

zwak

goed

goed

zwak

Interne
Consistentie

goed

-

zwak

redelijk

redelijk

-

redelijk

Meetfout

goed

-

zwak

redelijk

redelijk

redelijk

redelijk

Betrouwbaarheid

goed

zwak

-

-

goed

goed

-

Structurele
validiteit

redelijk

-

redelijk

redelijk

redelijk

-

zwak

Hypothesen
testen

redelijk

-

-

-

-

zwak

zwak

Responsiviteit

FAOS= Foot and Ankle Outcome Score ; FFI= Foot Function Index ; VISA-A= Victorian Institute of Sport Assessment-Achilles ; FAAM= Foot and Ankle Ability Measure ; FIS-RA= Foot Impact Scale for Rheumatoid
Arthritis ; MFPDI= Manchester Foot Pain and Disability Index
*- betekent dat deze eigenschap niet werd onderzocht in de validatiestudie

van der Zwaard(2014)(14)

goed

VISA-A

Van Sterkenburg (2012)(11)

Studie

Meetinstrument

Tabel 2. Methodologische kwaliteit van vertaling en klinimetrische eigenschappen *
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meeteigenschappen was de inhoudsvaliditeit (‘content validity’) in
geen van de studies beschreven. Op de andere onderdelen scoorden
de studies ‘zwak’ tot ‘goed’. Geen van de studies scoorde een ‘excellente’
beoordeling op een van de eigenschappen.

Bewijskracht
Tabel 3 toont de kwaliteit van de meeteigenschappen in combinatie met
de bewijskracht per PROM. De inhoudsvaliditeit is niet weergegeven,
omdat geen van de studies informatie bevatte over deze eigenschap.
We vonden een positief resultaat dat was gebaseerd op een sterke
bewijskracht voor de interne consistentie van de FAOS, FFI-5pt en de
aangepaste versie van de FIS-RA, voor de structurele validiteit van de
FFI-5pt, en voor het toetsen van hypothesen van de MFPDI. De aangepaste versie van de FIS-RA toonde een verbeterde interne consistentie
(sterke bewijskracht) en structurele validiteit (beperkte bewijskracht)
vergeleken met de oorspronkelijke versie. De aangepaste versie van de
VISA-A toonde een kleinere meetfout.

FAos
De FAOS bestaat uit 42 items, die zijn verdeeld over 5 dimensies: pijn
(9 vragen), andere symptomen (7 vragen), dagelijkse activiteiten (adl,
17 vragen), sport en recreatie (5 vragen) en voet- en enkelgerelateerde
kwaliteit van leven (QoL, 4 vragen). De antwoordmogelijkheden zijn
verdeeld over een Likert-schaal van 5 punten (0-4); de totale score is
een schaal die loopt van 0-100, waarbij 100 betekent ‘functioneren
zonder symptomen of beperkingen’. Het invullen van de lijst duurt
ongeveer 10 min (15). In 2 studies werd de FAOS in het Nederlands
gevalideerd bij een Nederlandse populatie met verschillende voet- en
enkelaandoeningen (8, 10). Deze studies leverden samen sterk bewijs
voor een goede interne consistentie en slechte structurele validiteit.
Daarnaast was er redelijk bewijs voor een goede betrouwbaarheid, een
goede begripsvaliditeit (‘construct validity’) wat betreft het toetsen
van hypothesen, en een grote meetfout.
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FFi-5pt
De FFI is in Nederland getest bij patiënten met algemene, niet-traumatische voetaandoeningen (9). De vragen in de vragenlijst werden
oorspronkelijk beantwoord met een visueel-analoge schaal (VAS) (16).
De Nederlandse versie gebruikt een verbale beoordelingsschaal (‘verbal rating scale’) van 5 punten, de FFI-5pt. We vonden sterk bewijs voor
een goede interne consistentie en structurele validiteit van de FFI-5pt
en redelijk bewijs voor een goede betrouwbaarheid. De responsiviteit
was echter matig, al werd dit ondersteund door beperkt bewijs.

VisA-A
De VISA-A is speciaal ontwikkeld voor patiënten met achillespeestendinopathie en bestaat uit 8 vragen die zijn verdeeld over 3 domeinen: pijn (3 vragen), functie (3 vragen) en activiteiten (2 vragen) (17).
Op alle vragen kunnen maximaal 10 punten gescoord worden, met
uitzondering van de sportvraag, die een maximum heeft van 30 punten. Het maximaal te behalen aantal punten is 100, wat gelijk staat aan
een asymptomatische achillespees. Deze vragenlijst is vertaald uit het
Engels en gevalideerd bij een algemeen Nederlandse populatie en een
subgroep met sporters (11). Wij vonden een goede interne consistentie, betrouwbaarheid en begripsvaliditeit op basis van het toetsen van
hypothesen. De aangepaste versie zonder activiteitensectie had een
kleinere meetfout bij de totale populatie. Voor sporters is de oorspronkelijke VISA-A voldoende, maar voor niet-sporters wordt geadviseerd
de aangepaste versie te gebruiken.

FAAm
De FAAM is een vragenlijst die bestaat uit 2 domeinen: sport (9 vragen)
en adl (21 vragen) (18). De antwoordopties zijn weergegeven op een
Likert-schaal die loopt van 0-4, waarbij 0 betekent ‘geen moeite’ en 4
staat voor ‘niet mogelijk’. De FAAM werd getest bij een Nederlandse
populatie met verschillende voet- en enkelaandoeningen en bij een
subgroep van atleten (12). De studie beschreef een goede interne
consistentie (beperkt bewijs) en begripsvaliditeit op basis van het toet-
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sen van hypothesen (redelijk bewijs). De meetfout was groot en ook
de betrouwbaarheid was niet optimaal; beide werden ondersteund
door beperkt bewijs. Er was echter verschil tussen de 2 subschalen van
de FAAM: de betrouwbaarheid van het adl-subdomein was wel goed.
Daarnaast was de betrouwbaarheid ook beter bij een subgroep van
atleten.

mFPDi
De MFPDI-vragenlijst bestaat uit 19 items en is gecreëerd voor patiënten met voetaandoeningen en -pijn (19). De items zijn verdeeld over
3 domeinen: functionele beperkingen, pijn en persoonlijk voorkomen.
De Nederlandse validatiestudie bij mensen met niet-traumatische
voorvoetproblemen was van goede methodologische kwaliteit (14).
De gevonden kwaliteit van de meeteigenschappen was echter niet
goed. Er was sterk bewijs voor een slechte interne consistentie, betrouwbaarheid en structurele validiteit, en een grote meetfout. Daarnaast was er beperkt bewijs voor een slechte responsiviteit. Alleen de
begripsvaliditeit op basis van het toetsen van hypothesen was goed
(sterk bewijs). Hierbij moet vermeld worden dat de interne consistentie
van het subdomein ‘functie’ wel goed was. Ook voor de meetfout was er
verschil tussen de domeinen: de meetfout in de subdomeinen ‘pijn’ en
‘functie’ was acceptabel.

Fis-rA
De FIS-RA is ontwikkeld om voetgerelateerde beperkingen te meten
bij patiënten met reumatoïde artritis (20). De lijst heeft een subschaal
voor verslechtering of schoeisel (21 vragen) en voor activiteiten of
participatie (30 vragen). De vragenlijst is vertaald in het Nederlands en
gevalideerd met een Rasch-analyse (21,13). Voor 2 meeteigenschappen
waren gegevens beschikbaar. Voor de oorspronkelijke versie van de
FIS-RA werden een slechte interne consistentie en structurele validiteit
gerapporteerd. De interne consistentie (sterk bewijs) en structurele
validiteit (beperkt bewijs) waren goed voor de aangepaste versie; uit
deze versie zijn een paar items verwijderd.
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gb
gb

+++

FIS-RA (aangepast)(13)

gb

gb

---

-

+

+

++

++

Betrouwbaarheid

+

-

---

gb

gb

gb

+++

---

Structurele Validiteit

gb

gb

+++

++

++

++

gb

++

Hypothesen toetsen

gb

gb

--

gb

gb

gb

-

-

Responsiviteit

* +++ staat voor ‘positief resultaat gebaseerd op sterke bewijskracht’, ++ voor ‘positief resultaat gebaseerd op matige bewijskraht’, + voor ‘positief resultaat gebaseerd op zwakke bewijskracht’, - voor ‘negatief
resultaat gebaseerd op zwakke bewijskracht’, -- voor negatief resultaat gebaseerd op matige bewijskracht’, --- staat voor ‘negatief resultaat gebaseerd op sterke bewijskracht’en gb voor ‘geen informatie beschikbaar’.

---

-----

MFPDI(14)

-

+

FAAM(12)

FIS-RA(13)

-++

+
+

gb

+++

FFI-5pt(9)

VISA-A(11)

--

+++

VISA-A (aangepast)(11)

Meetfout

Interne Consistentie

Meetinstrument

FAOS(8, 10)

Tabel 3. Gerapporteerde kwaliteit per meeteigenschap op basis van bewijskracht *
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BeschouWiNG
Onze studie liet zien dat op dit moment 6 verschillende Nederlandse
patiëntgerapporteerde uitkomstmaten zijn gevalideerd voor voet- en
enkelaandoeningen. De meeteigenschappen van deze PROM’s verschilden en ook was er een verscheidenheid in de methodologische
kwaliteit van de validatiestudies.
Wat betreft de algemene voet- en enkel-PROM’s waren de Foot-andankle-outcome-score en Foot-and-ankle-ability-measure gevalideerd.
Op basis van onze studie stellen we dat er sterker bewijs was voor de
goede eigenschappen van de FAOS. De FAOS had een betere betrouwbaarheid en er was sterker bewijs voor een goede interne consistentie.
Als het ging om specifieke PROM’s voor al dan niet traumatische
voetaandoeningen, scoorde de Foot-functionindex van 5 punten beter
op interne consistentie, betrouwbaarheid en structurele validiteit dan
de Manchester-foot-pain-and-disability-index. De begripsvaliditeit op
basis van het toetsen van hypothesen was niet gemeten voor de FFI5pt; de MFPDI scoorde hierop goed. De aangepaste versie van de Footimpact-scale-for-rheumatoid-arthritis voor patiënten met reumatoïde
artritis toonde goede interne consistentie en structurele validiteit; de
overige klinimetrische eigenschappen werden niet getest. Voor patiënten met achillespees-tendinopathie had de aangepaste versie van de
Victorian-instituteof-sport-assessment-achilles goede eigenschappen,
alwas de bewijskracht hiervoor niet optimaal.
Er was geen enkele studie die op een van de klinimetrische meeteigenschappen een ‘excellente’ score haalde. De enige studie die volgens
de COSMIN-criteria een goede methodologische kwaliteit had, was de
validatiestudie voor de MFPDI (14). Deze PROM had echter geen goede
klinimetrische eigenschappen. Hierdoor was het moeilijk om harde
conclusies te trekken en met duidelijke aanbevelingen te komen. De
lage methodologische scores waren het gevolg van de matige methodologische kwaliteit van de studies. De COSMIN-checklist stelt echter
hoge eisen aan de kwaliteit. Bij het niet voldoen aan een van de criteria
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wordt er direct laag gescoord volgens het principe van ‘de laagste score
telt’.
De COSMIN-checklist met een 4-puntsschaal is in 2010 ontwikkeld
en is gebaseerd op consensus tussen experts op het gebied van
gezondheidstatus-vragenlijsten (22). Met deze checklist is het mogelijk
de methodologische kwaliteit van studies te beoordelen. In onze studie pasten we een aantal zaken aan de COSMIN-schaal aan. We kozen
ervoor om alleen het vertaalproces te beoordelen in plaats van de
volledige culturele aanpassingen. Aangezien de oorspronkelijke vragenlijsten uit Scandinavië, het Verenigd Koninkrijk en Canada kwamen,
verwachtten we weinig tot geen culturele verschillen. We hechtten in
onze studie daarom geen waarde aan de kwaliteit van de transculturele
aanpassing.
Zoals in de methodesectie is beschreven, pasten we item 9 van de box
‘Betrouwbaarheid’ aan. Hierin wordt gevraagd of de omstandigheden
beide keren hetzelfde zijn geweest bij het invullen van de vragenlijst;
het gaat om de test-hertestbetrouwbaarheid. Als de testomgeving niet
gelijk is geweest, moet deze als ‘zwak’ gescoord worden. Maar als de
uiteindelijke intraklassecorrelatiecoëfficiënt hoog was en er duidelijk
beschreven werd dat de populatie stabiel was gedurende beide
meetmomenten, zou een verandering in de testomgeving een onderschatting van de werkelijke intraklassecorrelatiecoëfficiënt opleveren.
Bij een hoge intraklassecorrelatiecoëfficiënt was dan de testomgeving
niet of minimaal van invloed op de intraklassecorrelatiecoëfficiënt en
beoordeelden we dit item als ‘redelijk’.
Een ander punt is het grote aantal meeteigenschappen waarvoor
geen informatie beschikbaar was. Volgens de COSMIN-checklist is het
niet nodig deze eigenschappen te scoren wanneer meting hiervan
niet verricht is. Dit kun je echter ook zien als een tekortkoming van de
validatieprocedure, die dan gescoord kan worden als ‘zwak’. We kozen
ervoor de niet-geteste eigenschappen niet als ‘zwak’ te scoren. Zo was
het duidelijk welke eigenschappen niet getest waren, en welke wel
getest maar van slechte kwaliteit waren.
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Op dit moment zijn er tientallen specifieke voet- en enkel-PROM’s
beschikbaar; hiervan zijn er echter maar 6 gevalideerde Nederlandstalige PROM’s. Er is dus ruimte voor het vertalen en valideren van
andere PROM’s in het Nederlands. Gezien de niet-optimale meeteigenschappen van deze vragenlijsten, maar ook vanwege het gebrek aan
informatie over meeteigenschappen zoals responsiviteit, is er genoeg
ruimte voor verder onderzoek. Met name validatiestudies van hoge
kwaliteit zijn nodig om de onduidelijkheden die er nu zijn op te heffen.

coNcLusie
Momenteel zijn er 6 gevalideerde Nederlandstalige patiëntgerapporteerde uitkomstmaten voor voet- en enkelaandoeningen. De
methodologische kwaliteit ervan varieert van ‘zwak’ tot ‘goed’. Voor de
Foot-and-ankle-outcome-score en Foot-function-index-5pt bestaat
het sterkste bewijs voor goede klinimetrische eigenschappen. Op dit
moment zien wij de FAOS als de meest geschikte voet- en enkelvragenlijst voor gebruik bij de algemene patiëntenpopulatie met voet- en
enkelaandoeningen. Meer studies van hoge methodologische kwaliteit
zijn echter nodig om sterkere conclusies te kunnen trekken.
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General discussion and future
perspective

General discussion and future perspective

A stress fracture is a challenging injury for patients and physicians. Typically, high risk stress fractures are an even bigger challenge because of
a higher percentage healing failures than other stress fractures. Various
types of treatment are still based on expert opinions, with unknown
outcomes for union rates, time to heal, time to return to sports, satisfaction and patient reported outcome measures (PROMs).
Patient Reported Outcome Measures (PROMs) objectively measure
and report patient outcome in a validated way. In current literature,
different PROMs are used for a joint or extremity and even for similar
pathologies.

Aims
The three aims of this thesis are:
- providing an overview on which stress fractures of the lower leg
are high risk stress fractures, evaluating how to treat these stress
fractures and determine the impact of stress fractures on patients.
- analysing how to use patient reported outcome measures and
the advantages of using patient reported outcome measures with
optimal clinimetric properties.
- improving the quality in use of PROMs for foot- and ankle problems
and eventually finding a suitable consensus on which PROM to use
for which particular purpose.
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PArt i stress FrActures: treAtmeNt AND chALLeNGes
A stress fracture is a complex bone injury as described in the first part of
this thesis. Stress fractures of the anterior tibial cortex, navicular bone
and the fifth metatarsal bone are known to be of high risk to non-union.
A systematic review of the literature on the treatment of these high
risk stress fractures (1), showed studies with small sample sizes and low
GRADE level of evidence (2). Sixteen retrospective case series and two
prospective cohorts were included, i.e. two for the tibial cortex fracture,
eight for the navicular bone and six for the fifth metatarsal bone. For
the tibial cortex no evidence for initial surgery was found, but conservative treatment showed bad results with high non-union-rates and
no return to previous level of sports. For navicular and fifth metatarsal
stress fractures surgery results in an earlier return to sports (after resp.
16 and 14 weeks) and low complication rates. These small case series
are at risk for bias, mainly selection bias. This type of bias can be caused
by observer bias, with observers retrospectively reporting on their own
data making it at risk to report with a selective view. Also data can have
flaws and thus not all results are reported and sampling bias can be introduced. This can cause a reduced external validity, meaning the data
is very specific for the measured group, but not for all patients being
affected with this injury. It can be the case for example when having a
series out of a private clinic, where mostly higher care due to more financial resources is available, or a military clinic enrolling patients with
a very similar, specific training program, injury presentation and time
until presentation (i.e. onset of symptoms until receiving treatment).
Reducing bias is possible by performing a randomized controlled
trial. Fifth metatarsal stress fractures appear to have a return to sports
after 14 weeks. This is considered to be long in for example professional athletes (3). To minimize the time to return to sport further, a
randomized controlled study comparing intramedullary screw fixation
of fifth metatarsal stress fractures with or without adding bone marrow
aspirate was designed (4). Activation of bone marrow stem cells as a
result of an inflammatory response, appears to be the initiating step
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in the cascade of bone repair (5-7). In this study return to sports, time
to union and also patient reported outcomes will be studied. Unfortunately, the inclusion rate was lower than expected and too low to
fulfil an adequate sample size. As a recent US sports injury surveillance
study reported, stress fractures are rare (8). In this study only 0.8% of
all reported sports injuries were stress fractures. Another important
cause for not achieving the inclusion rate, was the fact that presenting
cases were all high level athletes, having their individual preferences
not directly fitting into a pre-planned group treatment, as expected
when performing a randomized controlled trial. It has to be taken into
account that all injured patients do have individual differences and
expectations; beside the type of stress fracture, also type of loading
when playing sports, type of sports, timing in the sports season and
even gear are of influence when choosing the right treatment strategy
together. Thus, for an adequate management a good collaboration
between clinician and patient is necessary. For these types of patients
(athletes) and thus for these injuries (stress fractures), a different research model like a prospective cohort study is better and therefore it
was decided to terminate the study.
In a case series of 106 stress fractures treated in the AMC over a
period of 6 years, the mostly affected sites were the tibia, metatarsal
I to IV, navicular bone and fifth metatarsal (respectively 26, 18, 10
and 10%). Eighty-six percent returned to sports after a median time
of 11 weeks (interquartile range 5 to 24). Of all stress fractures, 16%
was surgically treated, reporting a faster return to sports (9 versus 11
weeks). Patient reported to be satisfied (8 out of 10) with received care.
The health related quality of life after treatment was measured with the
EQ-5d, having a median of 0.85 which is comparable to the mean of
the general population in the UK (0.851)(9), which is comparable to the
general Dutch population (10). Limitations are the different sites of the
stress fractures and the retrospective design also giving a variable time
to follow-up. The stress fractures out of the surveillance study (8) were
mostly treated non-surgically (98.7%) and 65% resulted in prolonged
medical disqualification or an end of the season before the athlete
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could return to play (8). More research is needed to evaluate risks and
being able to prevent this rare and sometimes severe injury (3).
In general, rare injuries and diseases are hard to study, because of
the lack of presentations in single clinics. There is also a need to know
more data on rare injuries. Finding the right design for rare diseases is
a known problem. The so called golden standard being an RCT, often
requires large sample sizes and a generalizable patient group willing
to be randomized. There are small numbers of patients having a stress
fractures and therefore there is a big geographic dispersion. Also a lot
of athletes, requiring very individual treatment, are affected. This is
giving more barriers compared to common diseases that have to be
taken in case of studying stress fractures. These barriers are making it
costly and very time consuming. Suggested solutions are for example
of statistical nature, performing adaptive design methods (11). Another
way is creating registers of prospectively obtained data and potentially
recruiting patients from patient contact registries (12-14). For stress
fractures it is suggested to perform digital inclusion in a national (or
even an international) prospective registration cohort with additionally a structured follow-up with sending PROMs online.

PArt ii PAtieNt rePorteD outcome meAsures: WhAt Do
We meAsure?
A PROM can be used to report outcome after treatment, to follow up
patient’s progression and to compare groups. It is useful in research and
clinical practice. As a way to be aware of what you are measuring, influencing predictable factors on outcome measures need to be known.
Therefore, pre-operative factors influencing or predicting patient satisfaction and patient reported functional outcome of arthroscopic ankle
interventions were investigated. Patient satisfaction showed to have
no predictive factors. But functional outcome was reported to be lower
in patients with a high BMI, females, and patients with more mental
distress. Age and activity level were not associated with functional
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outcome. Limited studies on this have been previously performed for
outcomes of ankle injuries (15, 16), but when using PROMs to measure
outcome after treatment or compare between patients, these are important data to keep in mind to avoid confounded results. In research of
foot and ankle injuries, also patient distribution is important. Especially
athletes are prone to suffer from injuries (17), but PROMs generally do
not distinguish between these groups. Therefore, Health Related Quality of Life (HR-QoL) was compared between athletes and non-athletes.
After measuring HR-QoL in 328 patients suffering from foot and ankle
injuries, whereof 47% were athletes, no substantial differences in subscales on SF-36, nor in correlations between pain or disability scores
and HR-QOL were found. Since pre-injury scores are not available in
clinical care, the performed studies in chapter 6 and 7 cannot be clear of
confounding. Measuring pre-injury scores in acute treatment of acute
injuries (like fractures) is probably less difficult, but in most clinical care
there is a considerable amount of the time from onset of the injury or
symptoms until the diagnosis and treatment. Confounding can thus
result, for example with interpretation of measuring big improvement
in outcome scores: if suffering from a severe injury, the baseline score
is relatively low and easy to raise by treatment. Without a pre-injury or
baseline score, it stays a challenge to know whether there have been as
much as needed improvement to be again at pre-injury level.
The Foot and Ankle Ability Measure (FAAM) is an often used location
specific PROM in international research, but was not yet validated in
Dutch. Therefore it was translated and thereafter validated (18) using
the COSMIN criteria (19). The FAAM showed adequate measurement
properties, although the FAAM-Sport subscale is more useful in athletes. The FAAM-Sport percentage-scale seems not to contribute to the
overall score because of low reliability and high measurement errors.
Other validation studies did not report on this FAAM-Sport percentage-subscale (20-23). In athletes, the FAAM showed better properties
and thus can be used to assess functional assessment and follow-up
at group level.
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PArt iii. Proms: reGistrAtioN For kNoWLeDGe
To improve the quality in use of PROMs, first it is required to know what
we want to measure and how. In an international survey, conducted
among 188 orthopaedic surgeons, researchers and residents, the
current state of using PROMs in orthopaedic foot and ankle problems
was investigated. PROMs are reported to be used for research, patient
care and registration or quality assessment. Sixty three percent of the
respondents were using PROMs. The most important reasons to use a
specific PROM was ‘Quick and easy to use’ (71%), followed by ‘Commonly
used in literature’ (68%) and ‘Validated and proven reliable’ (60%). Many
PROMs seem to have these characteristics, because in total 20 different
PROMs were reported to be used. On the one hand, this great variety in
PROMs available for foot and ankle injuries causes a broad choice and
thereby possibilities to find the perfect fit for your specific population.
On the other hand it is also causing confusion. All PROMs have different properties, both at group and individual level. To work towards a
consensus using the PROM with the best fitting properties and being
able to compare results at group level in for example (inter-) national
research, a review was performed. Seven validation studies, validating
6 PROMs for foot and ankle injuries were found to be eligible in Dutch
(24). Of these, the FAOS (25, 26) and the Foot Function Index- 5 point
scale (FFI-5pt) (27, 28) showed the strongest evidence for having good
measurement properties. Since the FFI-5pt is a measurement only for
foot injuries, currently the FAOS is regarded as the most appropriate
foot- and ankle PROM for general foot and ankle problems. Therefore,
the use of the FAOS in the follow-up of high risk stress fractures of the
lower leg is advocated.
With having health care providers, patients and international research using PROMs, there is need to find a solid way of improving the
use of PROMs further. Next step should be a national and international
consensus in the use of PROMs, to make it easier to compare patient
reported outcomes. In the meanwhile, already some first steps are
made with Computerized Adapted Testing (CAT) and the development
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of an international item database by the PROMIS initiative (29, 30).
This initiative combines and translates all possible items from different
PROMs into a database. After a patient with a certain disease or injury
starts filling out the questionnaire, the answer to the first question
determines the patients functional level and this will adapt the next
question, of which the answer will adapt the next question and so on.
This adaptive testing will give shorter questionnaires, will be easier to
use and to interpret and possibly will be able to compare outcome internationally. Although these first steps are made (31, 32, 33) showing
advantages for patient and physicians, major strides are still required,
like collecting data in many language-databases with possible questions covering all constructs.

implication of the thesis and future perspective
This thesis advocates the use of internationally validated PROMs, with
reliable clinimetric properties. An excellent field where PROMs can give
us the possibility to enlarge our knowledge is the measuring of quality of life in patient suffering from rare injuries or diseases, like stress
fractures which are pointed out in this thesis. The questionnaires can
be send to the patient by mail or email without direct interference of
a clinician. Hence, work-load and costs are reduced and geographic
problems overcome.
We suggest an online database, where patients suffering from a
stress fracture can log on after being attended by their physician. After
logging on, an easily recognisable body appears where the patient can
point on the side where they suffer from the stress fracture. Then right
away, the website is leading the patient to a (site-)specific PROM, which
the patient can fill out. On certain follow up times, the patient receives
an email reminder to fill out the PROMs again. With this, an international database is created with cohorts of patients suffering from different stress fractures, consisting information about where they have their
stress fracture, what they received as treatment and their self-reported
outcome in a prospective way. Due to the ease of reaching patients
like this, it will eventually result in the first big cohort of rare injury. This
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database is already initiated. Inclusion and information can be found at
www.stressfractuur.nl.
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Summary

The aim of this thesis was threefold. The first was to find treatment solutions for stress fractures of the lower leg, to improve (patient- reported)
outcomes after treatment. The second aim was to improve interpretation of patient-reported outcome measures, with subsequently as third
aim, to improve the use of patient reported outcome measures for foot
and ankle problems.
chapter 1 is a broad introduction about the addressed issues of this
thesis.
In chapter 2, an overview is given of stress fractures in the lower leg,
including occurrence and locations, with current standards of treatment.
chapter 3 describes a systematic review, done to compare surgical
to conservative treatment of three high risk stress fractures of the lower
leg. These are the base of the fifth metatarsal, the navicular bone and
the anterior tibia. Although the number of studies and level of evidence
was low, for fifth metatarsal and navicular stress fractures, surgery resulted in an earlier return to sports (after respectively 14 and 16 weeks).
For the tibial cortex, no evidence for initial surgery was found, but it
conservative treatment showed poor results.
To improve surgical treatment for fifth metatarsal stress fractures,
in chapter 4 a randomized controlled trial is proposed to compare
surgery with surgery plus the addition stem cells to the fracture site.
Important aims are a faster union and return to sports as well as better
patient- reported outcome measured with the Foot and Ankle Ability
Measure (FAAM). Furthermore a method for economic evaluation of
adding stem cells to the surgical site is proposed.
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chapter 5 describes a case series, reporting patient-reported outcomes from stress fractures treated in the AMC. The median satisfaction of received treatment was 8 (scale 0 to 10) and the median EQ-5D
was 0.85 at the time of follow up. The latter score is a quality of life
score of which the value is comparable to that of the normal healthy
population.
The aim of chapter 6 is to investigate factors influencing Health Related Quality of Life (HR-QoL) in patients suffering from foot and ankle
injuries, prior and after surgical treatment. No predictive factors were
found for satisfaction, but patients with a high body mass index (BMI),
females, and patients with more mental distress were more likely to
report lower functional outcome scores.
Because a large group of patients with lower leg injuries are athletes,
in chapter 7 the HR-QoL of foot and ankle patients (n=328) is compared between athletes (47%) and non-athletes (53%). In this study
no statistically significant differences in HR-QoL were found between
these groups.
The Foot and Ankle Ability Measure (FAAM) is an often used footand-ankle-specific Patient-Reported Outcome Measure (PROM). It was
not yet translated and validated into Dutch. Therefore in chapter 8 the
translated FAAM is validated according to the COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN)
criteria, showing a reliability lower than earlier validation studies, but
an adequate validity. Especially at individual level, the FAAM’s reliability
is low. In the subgroup of athletes, the reliability is higher. Therefore,
the Dutch version of the FAAM meets adequate measurement properties, although the reliability is not optimal. In athletes with various foot
and ankle symptoms, the FAAM can be used for functional assessment
and follow-up at group level. For the general population, the FAAM is
less appropriate.
In chapter 9, the results of a survey among 188 foot and ankle
surgeons are reported. Only 17% of them reported not to use proms.
Reasons to use a specific PROM are ‘quick and easy to use’ (71%) ,‘commonly used in literature’ (68%) and ‘validated and proven reliable’
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(60%). In total 20 PROMs were named, whereof the most used are the
Foot and Ankle Outcome Score (FAOS) and the Manchester Oxford Foot
Questionnaire (MOXFQ) , both used by 9.7% of the respondents.
The use of PROMs and having many existing PROMs shows the
need for a consensus towards one easy-to-use PROM with adequate
clinimetric properties. Therefore, chapter 10 reports the results of
a systematic review of Dutch-language patient-reported outcome
measures for foot and ankle injuries. In total seven translations and
validation studies were found, reporting the clinimetric properties of
six different PROMs. Again the COSMIN criteria are used. The properties
of the FAOS are found to be most appropriate for use with general footand ankle problems in the Netherlands.
Finally in chapter 11, the findings of the thesis are discussed in a
broader context. Within this general discussion, the aims reached are
discussed and implications for the future given. An important finding
from of the first part is that high risk fractures are still challenging for
surgeons and patients. In general, these fractures are mostly better responding on surgical treatment. The second part shows that when using PROMs, one with the right clinimetric properties for what it intends
to measure should be chosen. It is important to be aware of patient factors possibly affecting the outcome. Also, chapter 11 describes an advantage of using PROMs in rare diseases, like stress fractures. Therefore,
a national digital database to register patient reported outcomes after
treatment of stress fractures have been set up (www.stressfractuur.nl).

211

12

Chapter 13
Dutch summery
Nederlandse samenvatting

Dutch summery Nederlandse samenvatting

Het doel van de thesis was drieledig. Het eerste doel was behandelingen voor stressfracturen van het onderbeen vinden, om (patiëntgerapporteerde-) uitkomsten na behandeling te verbeteren. Het tweede
was mee inzicht krijgen in de interpretatie van patiënt gerapporteerde
uitkomstmaten. Aansluitend was het derde doel, het gebruik van deze
uitkomstmaten voor voet- en enkelproblemen te verbeteren.
hoofdstuk 1 bevat een uitgebreide introductie over de onderwerpen van dit proefschrift.
In hoofdstuk 2 wordt een overzicht gegeven van stressfracturen van
het onderbeen, inclusief lokalisatie en frequentie van voorkomen met
de huidige stand van zaken betreffende hun behandeling. hoofdstuk
3 beschrijft een systematische review waarin de operatieve met de
conservatieve behandelingen worden vergeleken van drie hoogrisico stressfracturen. Dit zijn de basis van de vijfde metatarsaal, het os
naviculare en de anterieure tibia. Alhoewel het aantal studies en ook
het niveau van bewijskracht laag was, resulteerde een chirurgische behandeling bij de vijfde metatarsaal en het os naviculare in een snellere
terugkeer naar sport (gemiddeld na 14 en 16 weken). Er is geen bewijs
gevonden voor chirurgische behandeling van de anterieure tibia, echter toonden de conservatieve behandelingen zeer slechte resultaten.
Om de uitkomsten van chirurgische behandeling van de stressfractuur van de vijfde metatarsaal te verbeteren, wordt in hoofdstuk 4 een
gerandomiseerde en gecontroleerde studie voorgesteld om de gebruikelijke chirurgische behandeling te vergelijken met een dezelfde
chirurgische behandeling waarin stamcellen worden toegevoegd aan
de fractuurlocatie. Met als belangrijkste doelen een snellere genezing,
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snellere terugkeer in de sport en ook betere patiëntgerapporteerde
uitkomsten gemeten met de Foot and Ankle Ability Measure (FAAM).
Verder is er ook een economische evaluatie voorgesteld voor het extra
toevoegen van stamcellen tijdens de chirurgische behandeling.
hoofdstuk 5 beschrijft een case-serie met de resultaten van patiënt
gerapporteerde uitkomsten (PROMs) van patiënten met een stressfractuur die in het AMC zijn behandeld. De patiënten rapporteerden een
mediane tevredenheid van de behandeling van 8 (schaal 1- 10) en een
mediane EQ-5D van 0.85 na de follow-up. De gerapporteerde EQ-5D
is vergelijkbaar met deze kwaliteit-van-leven-score van de normale
gezonde populatie.
In hoofdstuk 6 wordt geïnventariseerd welke factoren de gezondheid-gerelateerde kwaliteit van leven (health-related quality of life; HRQoL) beïnvloeden in patiënten die een voet of enkelblessure hebben
voor en na chirurgische behandeling. Er werden geen voorspellende
factoren gevonden voor tevredenheid, maar patiënten met een hoge
body-mass index (BMI), vrouwen en patiënten met meer mentale stress
hadden wel meer kans op lagere functionele uitkomstscores. Omdat
een grote groep patiënten met blessures van het onderbeen sporters
zijn, wordt in hoofdstuk 7 de HR-QoL van 328 patiënten bekeken en
zijn die van de sporters (47%) met niet-sporters (53%) vergeleken. In
deze studie werd geen duidelijk verschil in HR-QoL gevonden tussen
deze twee groepen.
De Foot and Ankle Ability Measure (FAAM) is een vaak gebruikte voeten enkelspecifieke Patiënt Gerapporteerde Uitkomstmaat (PROM).
Deze was nog niet in het Nederlands vertaald en gevalideerd. Daarom
wordt in hoofdstuk 8 de vertaling van deze PROM gevalideerd aan de
hand van de COSMIN criteria. De betrouwbaarheid was lager dan in
eerdere validatiestudies, de validiteit was op niveau. Op individueel
niveau was de FAAM minder betrouwbaar. In de sporters-subgroep lag
de betrouwbaarheid hoger. Daarom concludeerden we dat de Nederlandse FAAM adequaat en valide is, alhoewel niet optimaal. In sporters
met voet- en enkelblessures kan hij gebruikt worden als follow-up op
groepsniveau. Voor de algemene populatie is de FAAM minder geschikt.
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hoofdstuk 9 beschrijft de resultaten van een survey gehouden onder
188 voet- en enkel chirurgen. Slechts 17% gaf aan geen PROMs te
gebruiken. Genoemde redenen om een specifieke PROM te gebruiken
waren ‘snel en gemakkelijk in gebruik’ (71%), ‘geregeld gebruik in de
literatuur’ (68%) gevolgd door ‘ gevalideerd en bewezen betrouwbaar’
(60%). In totaal werden 20 PROMs genoemd, waarvan als meeste de
FAOS en MOXFQ, beiden door 9.7% van de deelnemers.
Het vele gebruik van PROMs en de grote hoeveelheid hiervan,
onderstrepen de noodzaak voor een consensus naar één gemakkelijk
te gebruiken PROM met adequate klinimetrische eigenschappen. In
hoofdstuk 10 worden de resultaten beschreven van een systematische
review naar Nederlandse PROM-studies voor voet- en enkelblessures.
In totaal zijn zeven vertalingen gevonden met validatie, die samen
van zes verschillende PROMs de klinimetrische eigenschappen geven.
Opnieuw zijn de COSMIN-criteria toegepast. Voor algemeen gebruik bij
voet- en enkelblessures werd de FAOS het meest geschikt gevonden.
Tenslotte worden in hoofdstuk 11 de bevindingen van dit proefschrift in een bredere context geplaatst. Binnen deze algemene discussie zijn de bereikte doelstellingen besproken en implicaties hiervan
voor de toekomst gegeven. Een belangrijke bevinding van het eerste
deel van het proefschrift is het feit dat hoog-risico stressfracturen nog
steeds een uitdaging zijn voor patiënt en behandelaar. In het algemeen
reageren deze beter op chirurgische dan op conservatieve behandeling. Het tweede deel laat zien dat wanneer PROMs worden gebruikt,
er een PROM gekozen moet worden met de juiste klinimetrische
eigenschappen voor hetgeen we willen meten en dat we ons bewust
moeten zijn van in patiënt aanwezige factoren die de uitkomst kunnen
beïnvloeden. Als derde wordt een ander voordeel beschreven van het
gebruik van PROMs: het is nuttig voor het monitoren van zeldzame
aandoeningen, zoals stressfracturen. Daarom is een nationale digitale
database opgezet om patiëntgerapporteerde uitkomsten na behandeling van stressfracturen te registreren (www.stressfractuur.nl).
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Foot and Ankle Ability Measure (FAAM)

Foot AND ANkLe ABiLity meAsure (FAAm)
Wilt U elke vraag beantwoorden met één antwoord, dat het beste uw
toestand beschrijft in de afgelopen week.
Als de betreffende activiteit door iets anders dan de voet of enkel
werd belemmerd, kruist u dan NVT (niet van toepassing) aan.
Hoeveel moeite had u met de volgende activiteiten vanwege uw voet
en enkel?
Niet
mogelijk

NVT

Enige
moeite

1. Staan

□

□

□

□

□

□

2. Lopen op een vlakke ondergrond

□

□

□

□

□

□

3. Lopen op een vlakke ondergrond zonder
schoenen

□

□

□

□

□

□

4. Een helling op lopen

□

□

□

□

□

□

5. Een helling af lopen

□

□

□

□

□

□

6. Een trap oplopen

□

□

□

□

□

□

7. Een trap aflopen

□

□

□

□

□

□

8. Lopen op oneffen terrein

□

□

□

□

□

□

9. De stoep op en af stappen

□

□

□

□

□

□

10. Hurken

□

□

□

□

□

□

11 Op uw tenen gaan staan

□

□

□

□

□

□

12. Als u begint te lopen

□

□

□

□

□

□

13. 5 minuten of minder wandelen

□

□

□

□

□

□

14. Ongeveer 10 minuten wandelen

□

□

□

□

□

□

15. 15 minuten of langer wandelen

□

□

□

□

□

□
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Hoeveel moeite heeft u met de volgende activiteiten vanwege uw
voet en enkel?
Geen
moeite

Enige
moeite

Tamelijk
veel
moeite

Extreem
veel
moeite

Niet
mogelijk

NVT

1. Huishoudelijke taken

□

□

□

□

□

□

2. Activiteiten in het algemene dagelijkse
leven

□

□

□

□

□

□

3. Persoonlijke verzorging

□

□

□

□

□

□

4. Licht tot matig zwaar werk (staan,
lopen)

□

□

□

□

□

□

5. Zwaar werk (trekken/duwen, klimmen,
tillen)

□

□

□

□

□

□

6. Recreatieve activiteiten

□

□

□

□

□

□

Hoe zou U uw functioneren tijdens uw dagelijkse activiteiten beoordelen indien u een score mocht geven tussen 0 en 100, waarbij 100 het
niveau is van voordat u enkelklachten kreeg, en 0 weergeeft dat u niet
in staat bent enige dagelijkse activiteiten uit te voeren?

□□□

.0 %
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FAAm sports scale
Hoeveel moeite heeft u met de volgende activiteiten vanwege uw
voet en enkel?

1. Hardlopen

Geen
moeite

Enige
moeite

□

□

Tamelijk
veel
moeite
□

Extreem
veel
moeite
□

Niet
mogelijk
□

NVT

□

2. Springen

□

□

□

□

□

□

3. Landen (na een sprong)

□

□

□

□

□

□

4. Snel starten of stoppen met rennen

□

□

□

□

□

□

5. Zijwaarts bewegen

□

□

□

□

□

□

6. Lichte sportieve activiteiten
uitvoeren

□

□

□

□

□

□

7. Sporten op uw normale niveau

□

□

□

□

□

□

8. Uw eigen sport kunnen uitoefenen
zolang u zou willen

□

□

□

□

□

□

Hoe zou U uw functioneren tijdens sport beoordelen indien u een score
mocht geven tussen 0 en 100, waarbij 100 het niveau is van voordat
u enkelklachten kreeg, en 0 weergeeft dat u niet in staat bent enige
dagelijkse activiteiten uit te voeren?

□□□

14

.0 %

Hoe zou U over het algemeen uw huidige niveau van functioneren
beoordelen?

□ Normaal
□ Bijna normaal
□ Abnormaal
□ Zeer abnormaal
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Mijn aankomst bij dit hoofdstuk heb ik aan vele mensen te danken.
Heel graag doe ik dat hierbij: bedankt aan hen die op welke manier
dan mij bij hebben gestaan de afgelopen jaren. Bedankt aan jou die
ik noem, maar ook aan jou die ik niet noem. Belangrijk zijn niet alleen
de mensen geweest die direct hebben bijgedragen aan dit proefschrift,
maar ook degene die steeds weer ‘nee’ te horen kregen. Ook jullie
begrip daarvoor heeft mij enorm geholpen in de realisatie van dit proefschrift. En alhoewel dit proefschrift op mijn naam staat, ook zeker de
volgende personen verdienen een bijzondere vermelding:
Prof. dr. G.m.m.J. kerkhoffs, promotor en opleider, beste Gino. Jouw
enthousiasme, directe karakter en immer positieve instelling werken
voor mij enorm motiverend. Je scherpte prikkelt, jouw kritiek stimuleert. Bedankt voor het onderste wat je uit de kan weet te halen en alle
mogelijkheden die je me hebt gegeven.
Prof. dr. c.N. van Dijk, copromotor en oud opleider, beste Niek, heel
erg bedankt voor alle kansen die u me heeft gegeven. Mede onder uw
begeleiding heb ik mij als organisator, als wetenschapper en nu ook als
opleidings-assistent kunnen ontwikkelen tot waar ik nu ben.
Dr. ir. L. Blankevoort, copromotor, beste Leendert, wat heb je mij in
alle rust, kritisch als altijd, vaak weer met mijn neus in de juiste of betere
richting geduwd. Ik ben heel erg dankbaar dat je altijd wel bereid was
even pittig met mij over onderzoek en nieuwe ideeën te sparren.
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Overige leden van de promotiecommissie, Prof.dr. M. Maas, Prof.dr.
J.C. Goslings, Prof.dr. D. Eygendaal, Prof.dr. M.J.M.H. Lombarts, Prof.dr.
S.K. Bulstra en Dr. C.B. Terwee, u wil ik graag bedanken van de beoordeling van het manuscript. Ik kijk uit naar de openbare discussie.
Bij het uitkomen van dit manuscript waarschijnlijk nog nét Drs. r. Zwiers, lieve hardwerkende Ruben. Hoe onze wetenschappelijke weg nou
precies is samengekomen weet ik niet meer, maar wat lopen wij mooi
parallel. Ik hoop die weg nog lang met je te bewandelen want je bent
super in de samenwerking!
Alle co-auteurs, voor jullie inzet en medewerking.
Alle patiënten, voor uw deelname en het invullen van de vele vragenlijsten.
De collega’s van G4, Wouter mallee, Arthur kieviet, Jan Joost Wiegerinck, rogier Gerards, ruben Zwiers, kim opdam, Jonah stunt,
Gwen Vuurberg, Jan ophuis en Pim van Dijk ontzettend bedankt
voor het delen van kennis, wetenschap, verdriet, energie, vreugde en
bier!
En ook een bijzondere vermelding voor ingri Postma, veroorzaker van
de start van mijn wetenschappelijke carrière en voor jou, Joris Lansdaal, om de introductie in Tergooi en met name door mij te koppelen
aan Gino. Onwijs bedankt!
Ook het secretariaat marga Lammerts, rosalie van de sandt, tineke
Nagel, ellen rolleman en Veerle montes klaver, bedankt voor de
administratieve, maar vooral ook heel gezellige ondersteuning.
Paranimfen, drs. Nienke van Wingerden en drs. Lindsey de Nes, wat
zijn jullie goud waard voor mij. Ik heb met jullie altijd de mogelijkheid
gehad zowel wetenschappelijke als persoonlijke dingen te delen en
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vervolgens kon ik altijd op jullie steun rekenen. Fantastische vriendinnen, het maakt me enorm trots dat jullie me tevens op deze speciale
manier zullen bijstaan op deze grote dag.
Er moet ook zeker een vermelding naar de dames van het hFc, om
jullie begrip voor de soms veel te lage rang die jullie kregen in mijn
leven. sanne alias Wolfje voor alle broodnodige vooral niét medische
inspiratie, afleiding en diepgang. Alice voor je enthousiasme en liefde
als ik een keer wél tijd voor je had. Jim jouw altijd verfrissende waarnemingen gaven mij soms de moed en power om door te gaan met mijn
medische carrière. Mijn aloude schaatsmaatjes Annette en tessa
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Stress fractures are severe injuries, with sometimes long
healing times. Therefore, especially so called “high risk
stress fractures” of the lower leg do have (sports-)career
ending potential.
In research the focus is tending to turn more and more to
the outcome of treatment reported by the patient himself.
The number of Patient Reported Outcome Measures
(PRROMs) are growing, also for the lower leg, as is the
use of these PROMs in clinical practice and research. But
how do we measure and how do and can we use this
information?
The aim of this thesis was threefold. The first was to find
treatment solutions for stress fractures of the lower leg,
to improve (patient- reported) outcomes after treatment. The second aim was to improve interpretation of
patient-reported outcome measures, with subsequently as third aim, to improve the use of patient reported
outcome measures for foot and ankle problems.

