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INTRODUCTION

GENERAL INTRODUCTION

Fracture of the distal radius is one of the most common fractures in adults. The 
risk of having a distal radius fracture after the age of 50 is 1 in 6 for women and 
1 in 35 for men.1 In Dutch patients who are 45 years or older, women are nearly 5 
times more likely to fracture their distal radius than men.2 The rapid loss of bone 
density in post-menopausal women makes them more susceptible to fracture.3 As 
the population continues to age, the incidence of osteoporosis and distal radius 
fractures are likely to increase.4 

There are a number of pathologies that accompany a distal radius fracture that may 
affect outcomes including intercarpal ligament injury and median neuropathy. In 
addition, there are psychosocial factors that affect how patients perceive recovery 
as well as how patients seek and interpret care. 

The prevalence of ligamentous injury associated with fractures of the distal radius are 
reported to be as high as 69%.5 However, fracture of the distal radius accompanied 
by scapholunate (SL) ligament rupture with diastasis is uncommon. Prospective 
studies that described routine arthroscopic evaluation of operatively treated fracture 
of the distal radius for potential intercarpal ligament injury reported rates of 5/406; 
10/517; and 7/608 for Geissler grade III lesions (loose enough to open with a probe but 
can’t fit the scope, suggesting there is still some attachment between the scaphoid 
and the lunate), and 2/406; 0/517; and 2/608 for Geissler stage IV lesions (can drive 
the scope through the SL interval – definite dissociation). Diagnosis and treatment 
of SL dissociation might limit arthrosis in the long term, but risks greater stiffness 
in the short term.9 CT or MRI might aid diagnosis: CT scans improve reliability and 
accuracy of classification and characterization of distal radius fractures,10 whereas 
MRI is a useful tool for assessment of ligament integrity.9 Published data suggests 
that the outcomes of intra-articular fractures of the distal radius with operatively 
treated concomitant SL dissociation are comparable with outcomes of similar 
fractures without concomitant SL dissociation.11 

Median neuropathy associated with fracture of the distal radius may represent 
pressure related to deformity or acute nerve contusion, acute carpal tunnel syndrome 
(CTS) or forearm compartment syndrome, or underappreciated preexisting idiopathic 
carpal tunnel syndrome. Fracture translation seems to be the most important risk 
factor for acute CTS in patients with distal radius fractures treated operatively.12 
Most studies do not consistently distinguish neurapraxia, acute carpal tunnel 
syndrome, and preexisting idiopathic CTS.13  

Alignment of the healed distal radius does not correlate well with magnitude of upper 
extremity limitations or grip strength. Psychological factors, excessive catastrophic 
thinking in response to nociception and emotional distress (e.g. symptoms of 
depression) in particular, account for a notable amount of the observed variation 
in recovery.14 These are normal cognitive and emotional responses to wrist injury. 
Clinicians can anticipate and account for them and make an effort to guiding 
patients through this aspect of the recovery process. 

Among patients presenting to a hand specialist, nearly half investigate their 
symptoms online prior to their visit15. Understanding what factors are associated 
with online information-seeking behavior and tailoring the available information 
based on these factors could help to improve the quality of care in hand surgery 
and encourage patients to find access to relevant information and support more 
effectively.

OUTLINE OF THIS THESIS

Part I: the injured distal radius and ulna

Chapter 1.  The Effect of Vitamin C on Finger Stiffness After Distal Radius 
Fractures: a Placebo-Controlled Randomized Controlled Trial 

There is speculation about the role of oxygen-free radicals in the pathophysiology 
of finger stiffness during recovery from injury.16,17 Current American Academy 
of Orthopaedic Surgeons (AAOS) guidelines have a moderate strength 
recommendation for prescribing vitamin C to prevent disproportionate pain and 
disability after treatment of distal radius fracture.18 This recommendation is based 
on two randomized controlled trials with conflicting results.19,20 There is substantial 
variation in adherence to this recommendation.21 

Physicians often ascribe disproportionate pain and disability to an elusive patho-
physiologic process currently labeled Complex Regional Pain Syndrome (CRPS). 
Psychologists and psychiatrists consider greater symptom intensity and magnitude of 
limitations in the context of less effective cognitive coping strategies and symptoms 
of depression.22 Psychological factors have been identified as the most important 
determinants of pain intensity, finger stiffness, and disability after a fracture of the distal 
radius.14 Because the concept of CRPS is not objectively verifiable and the diagnosis is 
non-specific and of uncertain value, we focused on objective measurements of finger 
motion during recovery from fracture of the distal radius. The aim of this chapter is to 
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identify the effect of vitamin C on objective measures of finger motion, self-reported 
disability, and pain in patients with a distal radius fracture by comparison with a placebo 
pill. 

Chapter 2.  Distal Radius Fractures: Evaluation of Closed Reduction and 
Percutaneous Kirschner Wire Pinning 

It is expected that the socioeconomic burden of distal radius fractures will rise as 
the population ages.23 Many surgeons prefer open reduction and closed reduction 
(ORIF)24 even though closed reduction and percutaneous pinning (CRPP) for similar 
fracture patterns can result in similar functional and radiographic outcomes and 
is less expensive.25-27 The aim of this chapter was to inform the current academic 
debate regarding CRPP versus ORIF as a treatment modality by matching a cohort 
of patients treated with CRPP to patients treated with ORIF by the same surgeon. 

Chapter 3.  Ulnar Neck Fractures Associated With Distal Radius Fractures 
There is little evidence to inform surgeons about management of ulnar neck fractures 
that are associated with fractures of the distal radius. Fixation of ulnar neck fractures 
can be challenging due to poor quality metaphyseal bone and small-sized distal 
fragments.28 Most ulnar neck fractures associated with distal radius fracture stably 
realign once the distal radius fracture is reduced,28 but there is an ongoing debate 
about operative versus nonoperative treatment of ulnar metaphyseal fractures.29 
Only relatively small case series are published about the treatment and outcome 
of ulnar neck fractures.28,30 We aimed to provide a larger sample size by using our 
institutional multi-hospital database containing all encounters covering two large 
level I trauma centers and one community hospital tied to a level I trauma center. 
The purpose of this chapter was to describe the incidence of and factors associated 
with unplanned surgery after operative or non-operative treatment of ulnar neck 
fractures associated with distal radius fractures.

Part II: the injured carpal ligaments

Chapter 4.  Radiographic Diagnosis of Scapholunate Diastasis in Distal 
Radius Fractures: Implications for Surgical Practice

Distal radius fractures can be accompanied by concurrent injury to the SL ligament. 
The interobserver reliability for identifying radiographic SL diastasis is moderate and 
radiographs seem to be more suitable for exclusion than inclusion of SL dissociation 
associated with DRF.31 There is little consensus on the treatment of SL diastasis 
in the absence of secondary post-traumatic osteoarthritis.32 Since volar locked 
plating and early motion are gaining popularity in the treatment options for distal 

radius fractures, there is a possibility of an increased incidence of occult ligament 
injuries that used to be treated indirectly by immobilization.7 It is yet unclear to what 
extent radiographical SL diastasis leads to an actual diagnosis of SL rupture and 
to what extent this influences surgical decision making on the treatment of this 
injury by hand and upper extremity surgeons. This chapter describes the incidence 
and clinical implications of radiographical concerns on wrist radiographs for SL 
diastasis associated with distal radius fractures. 

Chapter 5.  Scapholunate Diastasis in Distal Radius Fractures: Fracture 
Pattern Analysis on CT-scans

Cadaveric studies illustrate that SL diastasis requires SL rupture, but that diastasis 
doesn’t occur if the extrinsic ligaments are intact.33 Biomechanical data suggest that 
a rupture of the SL ligament accompanied by a rupture of the dorsal radiocarpal 
ligament may lead to a greater level of carpal malalignment.34,35 
It is known that fracture lines usually arise between ligament attachment sites of the 
distal radius,36 but there is little published data focusing on injury of the secondary 
stabilizers in patients with CT-confirmed static SL diastasis. This chapter describes 
distal radius fracture characteristics on CT-scans in patients with concomitant static 
SL diastasis.

Chapter 6.  Dorsal Extrinsic Ligament Injury and Static Scapholunate 
Diastasis on Magnetic Resonance Imaging Scans

The anatomical carpal relations and kinematics are determined, in part, by the 
intrinsic and extrinsic wrist ligaments. SL ligament rupture may not lead to SL 
radiographical diastasis or dissociation on arthroscopy if the extrinsic ligaments 
such as the dorsal radiocarpal and the dorsal intercarpal ligament are still intact. 
We studied MRI scans of the wrist in patients evaluated for acute or chronic injury 
or pain after prior trauma and included patients with any SL signal abnormality. We 
tested for an association between signal changes in the dorsal extrinsic ligament 
suggestive of new or old injury and a scapholunate distance ≤ 2 mm on MRI. 

Part III: the injured median nerve

Chapter 7.  Surgical Decision Making in Median Neuropathy Associated 
With Distal Radius Fractures 

Median neuropathy is common in association with DRF.37 The symptoms of median 
neuropathy after DRF often resolve after adequate fracture reduction. Persisting or 
advancing symptoms after reduction could imply a contusion of the nerve, acute 
carpal tunnel syndrome, compartment syndrome, or an exacerbation or noticing of 
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pre-existing median neuropathy. Progressive median neuropathy after DRF may benefit 
from carpal tunnel release (CTR).38 Most studies do not distinguish between these 
different types of median neuropathy after DRF.13 The need for more uniform evidence 
on the treatment of median neuropathy after DRF is well-illustrated by international 
differences in guidelines regarding management of this injury. For example, the AAOS 
guideline for management of distal radius fractures states that – based on current 
published data – no recommendations for or against nerve decompression surgery 
in patients with a DRF and post-reduction median nerve symptoms can be made,18 
whereas the Dutch guideline on treatment of DRF does not mention median nerve 
release at all.39 This survey study conducted among members of the Orthopaedic 
Trauma Association (OTA), members of the Dutch Trauma Society (DTS) and 
surgeons attending the New England Hand Society aimed to identify differences in 
surgical considerations and management of median neuropathy in patients with a 
DRF between surgeons from the Netherlands and the USA. 

Part IV: the injured patient

Chapter 8.  The Effect of Priming With Questionnaire Content on Grip 
Strength in Patients With Hand and Upper Extremity Illness

Grip strength is a performance measurement that is widely used to assess upper 
extremity function. It correlates well with (self-reported) upper extremity function.40 
Since it is a voluntary test, it is effected by psychological factors.41 

Prior research by our group determined that completing a positively phrased 
version of the pain catastrophizing scale (PCS) primed patients to report less upper 
extremity limitations on average than completing the standard PCS.42 Despite an 
increasing understanding on the effect of priming on perception of upper extremity 
function, the influence of priming can be better understood by determining if it also 
affects direct measurements of hand function such as grip strength measures. The 
aim of this chapter is to assess the influence of priming patients through positive 
phrasing of questionnaire content on grip strength.

Chapter 9.  Associations Between Pain Catastrophizing and Cognitive 
Fusion in Relation to Pain and Upper Extremity Function 
Among Hand and Upper Extremity Surgery Patients 

The extent of the limitations resulting from musculoskeletal pain is determined 
by injury characteristics and psychological factors.43 Two important modifiable 
psychological factors are catastrophic thinking about pain and cognitive fusion. 
Catastrophic thinking about pain is a negative cognitive-affective response 

to anticipated or actual pain and is associated with greater pain intensity and 
magnitude of limitations after hand surgery.44 Cognitive fusion is when thoughts are 
regarded as facts rather than products of the mind that may or may not be true. This 
chapter aims to identify factors associated with cognitive fusion and catastrophic 
thinking about pain among hand surgery patients, and to examine whether patients 
who score higher on these two measures report greater levels of pain intensity and 
reduced upper extremity function.

Chapter 10.  Online Health Information Seeking in Hand and Upper 
Extremity Surgery

Patients have growing access to medical information online and information 
gathering is an essential element of shared decision making.45,46 The practice of 
health information seeking might improve care if it provides patients with improved 
access to accurate information that helps them determine their preferences.47 It is 
estimated that 45% of the outpatients presenting to hand surgeons searched online 
about the condition they were seeking treatment for.15 An understanding of the factors 
associated with online health information seeking behavior might help improve the 
care of patients with hand injury. Through this chapter, we aimed to identify socio-
demographic, condition-related, and psychosocial factors associated with online 
information-seeking behavior in patients with hand and upper extremity conditions.
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VITAMIN C AFTER DRF PART I | The injured distal radius and ulna

ABSTRACT

Background It is proposed that vitamin C administration can reduce disproportionate 
pain and stiffness after distal radius fracture; however, randomized trials that tested 
this hypothesis have had inconsistent results.

Questions/purposes (1) Is administering vitamin C after distal radius fracture 
associated with better ROM, patient-reported upper extremity function, and pain 
scores? (2) What factors are associated with post-fracture finger stiffness and 
worse upper extremity function?

Methods In this double-blind, randomized, placebo-controlled, non-crossover study 
between August 2014 and July 2017, we randomized 134 participants to receive 
once-daily 500 mg vitamin C (67 participants) or placebo (67 participants) within 2 
weeks after distal radius fracture. All patients received usual care at the discretion 
of their surgeon. The mean age of participants was 49 ± 17 years, 99 patients (74%) 
were women, and 83 (62%) were treated nonoperatively. The primary outcome was 
the distance between the fingertip and distal palmar crease 6 weeks after fracture. 
The secondary outcomes were total active finger motion, total active thumb motion, 
upper extremity-specific limitations, and pain intensity. 

Results Administration of vitamin C was not associated with ROM, function, or pain 
scores at 6 weeks or at 6 months. At 6 weeks, we found that more finger stiffness 
was mildly associated with greater patient age (β -1.5; 95% CI, -2.8 to -0.083;  
p = 0.038). Thumb stiffness was mildly associated with greater age (β -0.72; 95%  
CI, -1.3 to -0.18; p = 0.009) and strongly associated with operative treatment (β -32; 
95% CI, -50 to -13; p = 0.001). Greater pain interference was modestly associated 
with greater functional limitations at 6 weeks (β -0.32; 95% CI, -0.52 to -0.12;  
p = 0.002) and 6 months (β -0.36; 95% CI, -0.60 to -0.11; p = 0.004).

Conclusions Vitamin C does not seem to facilitate recovery after distal radius 
fracture, but amelioration of maladaptation to nociception (pain interference) 
merits greater attention.

INTRODUCTION

The percentage of patients who have disproportionate pain and disability after a distal 
radius fracture varies widely from lower than 1% to as high as 37%.1-7 Disproportionate 
pain and disability are often conceptualized as a categorical and physiological 
problem such as complex regional pain syndrome (CRPS). However, current diagnosis 
of a CRPS diagnosis relies on subjective criteria, and a direct pathophysiologic basis 
has not been established.8-12 Some have proposed that in CRPS, oxygen-free radicals 
contribute to stiffness during recovery from injury.13,14 This led to two randomized 
controlled trials from one research group to determine if vitamin C prophylaxis  
(a natural antioxidant and free radical scavenger) helps avoid CRPS.3,7

These initial trials found that vitamin C prophylaxis has a benefit, but a subsequent 
trial by independent investigators could not reproduce these findings.15 Each of these 
trials used different and subjective diagnostic criteria to categorize people with 
disproportionate pain and disability.16 We propose that it is more helpful to measure 
disproportionate pain and disability on the continuous scale that it naturally occurs 
on – instead of dichotomizing this outcome – using objective outcome measures.

Therefore, we asked: (1) Is administering vitamin C after distal radius fracture 
associated with better ROM, upper extremity function, and pain scores? (2) What 
factors are associated with post-fracture finger stiffness and worse upper extremity 
function?

PATIENTS AND METHODS

Our institutional review board approved this single-center, double-blind, randomized, 
placebo-controlled, non-crossover study under protocol number 2014P000561. 
Additionally, our independent institutional human research quality improvement 
committee, under the supervision of the senior vice presidents of research of our 
hospital and another affiliated Level I trauma center in our region, oversaw this study 
and conducted mandatory audits at random points to ensure that this study was 
conducted in accordance with federal regulations, institutional policies, and good 
clinical practice. Lastly, this trial was prospectively registered on clinicaltrials.gov 
under protocol number NCT02216812. No changes were made to methods after the 
trial began.

1
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Study design
Patients were enrolled at outpatient offices of an urban level-1 trauma center between 
August 2014 and July 2017. We approached 204 patients, of whom 61 declined 
participation and nine did not meet our inclusion criteria, resulting in our final cohort of 
134 participants (Figure 1). Patients were recruited at their index visit to the outpatient 
office of one of five experienced fellowship-trained orthopedic hand and upper 
extremity or trauma surgeons. The treating surgeon determined eligibility based on 
predefined inclusion criteria for participation in this trial. All patients received the usual 
care at the discretion of their surgeon; participation in this study did not influence the 
treatment of their distal radius fracture. After obtaining both oral and written informed 
consent for participation in this study, we recorded the patients’ demographics (age, 
sex, race, BMI, years of education, employment status, marital status, tobacco use, 
and supplement use) and injury and treatment characteristics (dominant extremity 
injured, type of treatment, carpal tunnel release), performed standardized baseline 
measurements (distance to palmar crease of the injured and uninjured hands, total 
active finger motion of the injured and uninjured hands, and total active thumb motion 
of the injured and uninjured hands), and asked patients to complete the Patient-
Reported Outcome Measurement Information System – Pain Interference (PROMIS-
PI, version 1.1) questionnaire, the PROMIS Upper Extremity (PROMIS-UE, version 1.2) 
questionnaire, and the numeric rating scale for pain (NRS-pain). 

Randomization
Patients were randomly assigned in a 1:1 allocation to one of two parallel 
noncrossover groups to receive either 500 mg capsule of vitamin C or an inert 
control capsule of lactose. The pharmacist involved in preparing the study capsules, 
who was not involved with any other aspects of this study, numbered the bottles 
by block randomization (33 blocks of four bottles and one block of two), all of 
which were computer generated. The block size was unknown to anyone but the 
pharmacist, and the pharmacist was the only person with the access code until the 
trial ended. Capsule boxes containing pills of either 500 mg of vitamin C or placebo 
were independently dispensed by the pharmacist to the research coordinator.

Allocation concealment and blinding
There was no difference in shape, size, or color between the vitamin C and placebo 
capsules. The capsules were prepared in identical boxes and consecutively numbered 
based on the randomization schedule. Participants, healthcare providers, data 
collectors, outcome assessors, and data analysts were all blinded to the allocation. 
Blinding was maintained until completion of the final analyses. 

Figure 1. Flow diagram of enrollment, intervention, allocation, followup, and data 
analysis. DTPC = distance to palmar crease; PROMIS-UE = Patient-Reported Outcomes 
Measurement Information System – Upper Extremity

Study pathway
Six weeks after fracture (mean, 6.6 ± 1.1 weeks, range, 4.7–12 weeks), a research 
assistant (SÖ, WvL, IS, TT) measured the distance to the palmar crease of the injured 
hand, total active finger motion of the injured hand, and total active thumb motion 
of the injured hand. Patients also completed the PROMIS-UE and the NRS-pain 
questionnaires. If this followup interval was missed or if the clinical appointment 
was outside the 5- to 8-week timeframe, we contacted patients by email and/or 
telephone (maximum of three attempts) to complete the 6-week questionnaires.  
Six months after the fracture (mean, 6.4 ± 0.91 months, range, 5-9 months) we emailed 

Randomized (n = 134)

Assessed For Eligibility (n = 204)

Excluded (n = 70)
   Declined Participation (n = 61)
   Did Not Meet Inclusion Criteria (n = 9)

Allocated to Vitamin C (n = 67) Allocated to Placebo (n = 67)

Analysis of 6-week DTPC and ROM (n = 57)
Analysis of 6-week PROMIS-UE (n = 58)
Analysis of 6-week Pain Score (n = 58)

Analysis of 6-week DTPC and ROM (n = 62)
Analysis of 6-week PROMIS-UE (n = 63)
Analysis of 6-week Pain Score (n = 62)

Analysis of 6-month PROMIS-UE (n = 48)
Analysis of 6-month Pain Score (n = 49)

Analysis of 6-month PROMIS-UE (n = 49)
Analysis of 6-month Pain Score (n = 49)
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patients to invite them to complete the PROMIS-UE and NRS-pain questionnaires. If 
the patients did not respond to email, we made a maximum of three attempts to 
contact each patient via telephone or email to complete the 6-month questionnaires. 
We collected and managed study data using Research Electronic Data Capture 
(REDCap, Vanderbilt University, Nashville, TN, USA) tools hosted at our institution, 
which is a secure, Health Insurance Portability and Accountability Act (HIPAA)-
compliant, web-based application designed to support data capture for research 
studies.17

Participants and interventions
Eligible participants were patients aged 18 or older who presented to our hospital 
within 2 weeks after having a distal radius fracture. The exclusion criteria were 
kidney failure, current or prior diagnosis of kidney stones, known vitamin C allergy, 
pregnancy, ipsilateral wrist fracture within the last year before the new fracture, or 
lack of fluency in either English or Spanish. 

Patients assigned to the intervention group took 500 mg of vitamin C orally once 
a day for 6 weeks, whereas patients assigned to the control group took a placebo 
capsule consisting of lactose once per day for 6 weeks. The mean age of our patients 
was 49 ± 17 years, and most of our study cohort were women (n = 99, 74%). Most of 
the fractures (n = 83, 62%) were treated nonoperatively (Table 1). We found no gross 
differences in baseline characteristics. Patients unavailable for measurement at 6 
weeks after injury had more finger motion and were treated nonoperatively more 
often than patients who were available (Appendix 1). This is a common problem in 
fracture studies. Due to randomization, we do not expect this to affect our primary 
study question. There were no adverse events because of the administration of 
vitamin C or the placebo.

Outcome measures
The primary outcome measure of this study was the distance to the palmar crease 
after 6 weeks. The secondary outcome measures were total active finger motion 
6 weeks after fracture, total active thumb motion 6 weeks after fracture, and the 
PROMIS-UE score and NRS-pain (an 11-point ordinal measure of pain intensity) score 
at 6 weeks and 6 months after fracture. We also assessed the distance to the palmar 
crease, total active finger motion, and total active thumb motion at enrollment.

Table 1. Baseline characteristics of the study cohort.

Group

All patients Vitamin C Placebo
Variable (n=134) (n=67) (n=67)
Demographics

Age in years, mean ± SD 49 ± 17 48 ± 17 50 ± 17
Women, n (%) 99 (74) 47 (70) 52 (78)
Non-Caucasian, n (%) 17 (13) 13 (19) 4 (6.0)
Body Mass Index in kg/m2, mean ± SD 25 ± 5.1 25 ± 5.0 25 ± 5.2
Years of education, mean ± SD 16 ± 3.4 16 ± 3.4 16 ± 3.5
Employment status, n (%)

Working 97 (72) 49 (73) 48 (72)
Unemployed 24 (18) 10 (15) 14 (21)
Currently on sick leave 5 (3.7) 3 (4.5) 2 (3.0)
Retired 8 (6.0) 5 (7.5) 3 (4.5)

Marital status, n (%)
Single 54 (40) 27 (40) 27 (40)
Married or living with partner 65 (49) 35 (52) 30 (45)
Separated, divorced, or widowed 15 (11) 5 (7.5) 10 (15)

Tobacco use, n (%) 8 (6.0) 2 (3.0) 6 (9.0)
Supplement use, n (%)

None 71 (53) 32 (48) 39 (58)
Vitamin C 12 (9.0) 6 (9.0) 6 (9.0)
Multivitamin, containing vitamin C 30 (22) 18 (27) 12 (18)
Multivitamin, not containing vitamin C 21 (16) 11 (16) 10 (15)

Injury and treatment related, n (%)
Dominant extremity injured 64 (48) 32 (48) 32 (48)
Non-operative treatment 83 (62) 42 (63) 41 (61)
Carpal tunnel release 13 (9.7) 4 (5.8) 9 (13)

PROMIS Pain Interference, mean ± SD 63 ± 7.0 65 ± 6.4 61 ± 7.1

Measurements within 2 weeks after fracture, mean ± SD
Distance to palmar crease 6.9 ± 6.0 6.7 ± 6.1 7.1 ± 6.0
Range of motion fingers 728 ± 151 725 ± 159 732 ± 144

 % of uninjured side 77 ± 15 77 ± 16 77 ± 14
Range of motion thumb 158 ± 54 161 ± 59 155 ± 49

 % of uninjured side 58 ± 20 60 ± 22 57 ± 18
PROMIS Upper Extremity 27 ± 7.7 26 ± 7.9 27 ± 7.5
Numeric rating scale for pain 3.6 ± 2.5 3.5 ± 2.4 3.8 ± 2.6

PROMIS: Patient-Reported Outcomes Measurement Information System
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Finger stiffness
To measure the distance to palmar crease, we asked patients to make a fist and 
measured the distance in centimeters between the finger pulp and the corresponding 
most distal palmar crease with a ruler. The distance to the palmar crease is a commonly 
used metric to describe digital motion among hand surgeons and therapists. We 
performed these measurements for each of the index, long, ring, and small fingers 
individually, and then calculated the total distance to the palmar crease by adding the 
values of these four digits. Previous study found a high correlation (r -0.74, p < 0.001) 
between the distance to the palmar crease and index-to-small finger ROM.18 We did not 
assess the inter- and intraobserver variability of distance to palmar crease measure. 
We measured the total active finger motion with a handheld goniometer.  

Questionnaires
The PROMIS-PI (minimal clinically important difference [MCID] 7.1) is a computer 
adaptive test that measures the degree to which a person limits activity because 
of pain, and the PROMIS-UE (MCID 9.0) questionnaire quantifies upper extremity-
specific limitations.19,20

The NRS-pain (MCID 1.0) is an 11-point ordinal measure of pain intensity from 0 (no 
pain) to 10 (worst pain imaginable).21,22

Sample size and interim analysis
Based on previous research, an a priori power analysis suggested that 126 patients 
would provide 80% power to detect a difference of 2 cm (SD 4.0) fingertip distance 
to the palmar crease with α set at 0.05 using a two-tailed Student t-test. After 
accounting for 5% lost to follow-up, we included 134 patients.7 There is no known 
clinically important difference for the distance of the fingertip to the palmar crease 
or finger ROM.18    

Per protocol, we assessed the rate of follow-up halfway through the study to adjust 
the sample size to account for the number of patients lost to follow-up. Since the 
6-week follow-up rate was greater than 80%, we did not adjust our sample size. This 
evaluation was done without unblinding or reviewing any of the values of any of the 
parameters in this study, and no interim analyses were performed. In all, 98 patients 
(73%) completed questionnaires 6 months after having a fracture. Of those, one patient 
completed the pain questionnaire but not the PROMIS-UE questionnaire (Figure 1).

Funding source
No external funds were received for this study, which was departmentally funded. 
The corresponding author had full access to all the data in the study and had final 
responsibility for the decision to submit for publication.

STATISTICAL METHODS

After multiple linear imputation for missing values, we identified differences in 
outcome measures between patients using vitamin C or the placebo through a 
multiple linear regression analysis. We did not include any other variables in the 
models.

Factors associated with the distance to the palmar crease, total 
active motion of the fingers or thumb, PROMIS-UE, and NRS-Pain
For each outcome variable, we separately performed an exploratory bivariate analysis 
(data not shown). Associations between continuous, dichotomous, or categorical 
data and our outcome variables were assessed with a Pearson correlation, the t-test, 
and ANOVA, respectively. For each outcome variable, after multiple imputations, we 
then entered variables with p values smaller than 0.10 into a multiple linear regression 
model. We reported the adjusted R2 and the partial R2 for each of these multivariable 
analyses. The adjusted R2 measures the amount of variability accounted for by the 
whole model, whereas the partial R2 measures the amount of variability accounted 
for by the respective variable. 

The same statistical methodology was used for our unplanned tertiary analysis. 
All our prespecified analyses were intention-to-treat, and none of the randomized 
patients were excluded from the study.

Missing values
We accounted for missing values through multiple linear imputations, with the 
number of imputations set to 40. At the 6-week evaluation, there were 15 missing 
distance to the palmar crease measurements (11%), total active finger motion, and 
total active thumb motion; 13 missing (10%) PROMIS-UE scores, and 14 (10%) NRS-
pain scores. Eleven patients cancelled or rescheduled their 6-week appointment, 
two patients received care closer to home, and two patients declined to participate. 
At the 6-month evaluation there were 37 (28%) missing PROMIS-UE scores and 36 
(27%) NRS-pain scores.  
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Patients with missing data at the 6-week evaluation (Appendix 1) were more likely 
to use tobacco (20% versus 4.2%; p = 0.045) or have nonoperative treatment (87% 
versus 59%; p = 0.047) than those with complete data and had less distance to the 
palmar crease (3.6 ± 3.5 cm versus 7.3 ± 6.1 cm; p = 0.023) and more thumb ROM 
at enrollment (206 ± 48° versus 152 ± 52°; p < 0.001). There were no differences 
between patients who did and did not complete the 6-month questionnaires. 

RESULTS

Administration of vitamin C was not associated with ROM, self-reported upper 
extremity function, or pain at 6 weeks (distance to palmar crease: β -0.23; 95% CI, 
-1.7 to 1.2; p = 0.754; finger ROM: β 4.9; 95% CI, -40 to 50; p = 0.829; thumb ROM:  
β 0.98; 95% CI, -18 to  20; p = 0.918, PROMIS: β 0.32; 95% CI, -2.6 to 3.2; p = 0.828; 
pain score: β 0.13; 95% CI, -0.62 to 0.89; p = 0.729) nor at 6 months (PROMIS:  
β -0.21; 95% CI, -3.7 to 3.3; p = 0.904; pain score: β 0.31; 95% CI, -0.74 to 1.4;  
p = 0.559, Table 2). A sensitivity analysis without any imputed data (Appendix 2) 
showed similar results. 

At 6 weeks, we found that more finger stiffness was mildly associated with greater 
age (β -1.5; 95% CI, -2.8 to -0.083; p = 0.038). Thumb stiffness was mildly associated 
with greater age (β -0.72; 95% CI, -1.3 to -0.18; p = 0.009) and strongly associated 
with operative treatment (β -32; 95% CI, -50 to -13; p = 0.001; Appendix 3). Greater 
pain interference was modestly associated with greater functional limitations at 6 
weeks (β -0.32; 95% CI, -0.52 to -0.12; p = 0.002) and 6 months (β -0.36; 95% CI, -0.60 
to -0.11; p = 0.004; Table 3). No other factors were associated with self-reported 
measures after fracture (Appendix 4).

Six weeks after fracture, no factors were independently associated with the distance 
to the palmar crease. Greater age was independently associated with less finger 
motion (β -1.5; 95% CI, -2.8 to -0.083; p = 0.038) and less thumb motion (β -0.72; 95% 
CI, [-1.3 to -0.18; p = 0.009). Greater pain interference was associated with a greater 
magnitude of upper extremity-specific limitations (β -0.32; 95% CI, -0.52 to -0.12;  
p = 0.002). No factors were independently associated with greater pain intensity 
(Table 3).

Six months after injury, greater pain interference was associated with reduced 
upper extremity function (β -0.36; 95% CI, -0.60 to -0.11; p = 0.004). No factors were 
independently associated with pain intensity (Table 3).

Unplanned analyses: finger stiffness within two weeks of fracture
In the unplanned analysis for factors independently associated with finger ROM, 
being retired (β 105; 95% CI, 3.5–206; p = 0.043) and lower pain interference (β -4.8; 
95% CI, -8.3 to -1.3; p = 0.007) were associated with more finger ROM within 2 weeks 
of fracture, whereas operative treatment (β -77; 95% CI, -130 to -23; p = 0.006) was 

Table 2. Effect of vitamin C on outcomes after distal radius fracture.

[95% CI]

Variable β lower upper Standard Error P
6 weeks after fracture

Distance to palmar crease -0.23 -1.7 1.2 0.75 0.754
ROM, fingers 4.9 -40 50 23 0.829

 % of uninjured side -0.18 -4.7 4.3 2.3 0.937
ROM, thumb 0.98 -18 20 9.5 0.918

 % of uninjured side -0.54 -7.6 6.6 3.6 0.881
PROMIS Upper Extremity 0.32 -2.6 3.2 1.5 0.828
Numeric rating scale for pain 0.13 -0.62 0.89 0.38 0.729

6 months after fracture
PROMIS Upper Extremity -0.21 -3.7 3.3 1.8 0.904
Numeric rating scale for pain 0.31 -0.74 1.4 0.52 0.559

PROMIS = Patient-Reported Outcomes Measurement Information System

Table 3. Factors independently associated with range of motion and upper extremity 
function after distal radius fracture.

[95% CI]

Variable β lower upper
Standard 

Error P
Partial 

R2

Adjusted 
R2

ROM (degrees) of fingers at six weeks after fracture
Age in years -1.5 -2.8 -0.083 0.69 0.038 0.033 0.091

ROM (degrees) of thumb at six weeks after fracture
Age in years -0.72 -1.3 -0.18 0.27 0.009 0.052 0.12
Operative treatment  
(ref: non-operative)

-32 -50 -13 9.2 0.001 0.086

PROMIS Upper Extremity at six weeks after fracture
PROMIS Pain Interference -0.32 -0.52 -0.12 0.10 0.002 0.072 0.087

PROMIS Upper Extremity at six months after fracture
PROMIS Pain Interference -0.36 -0.60 -0.11 0.12 0.004 0.068 0.17

PROMIS: Patient-Reported Outcomes Measurement Information System
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associated with less finger motion. Patients who were divorced (β -40; 95% CI, -70 to 
-9.8; p = 0.010) or had lower pain interference (β -1.5; 95% CI, -2.8 to -0.21; p = 0.023) 
had lower thumb ROM (Appendix 5). Operative treatment was associated with a 
larger distance to the palmar crease (more stiffness) within 2 weeks of fracture (β 
4.5; 95% CI, 2.3–6.6; p < 0.001).

DISCUSSION

The idea that a safe and inexpensive intervention such as vitamin C might ease 
recovery is appealing. Prior studies categorized the recovery process using subjective 
and relatively unreliable criteria that have been criticized as internally inconsistent.3,7 
We tried to reproduce the finding that vitamin C can limit pain and limitations after 
upper extremity injury using a double-blind, placebo controlled, randomized trial 
evaluating an objectively measurable outcome for the primary study question and 
avoiding categorization of continuous variables. We found that vitamin C did not 
facilitate recovery in our study. 

It is important to consider the limitations of this study. First, patients unavailable 
for measurement at 6 weeks after injury had more motion and were treated 
nonoperatively more often than patients who were available (Appendix 1). This 
may somewhat limit the generalizability of our findings at 6 weeks. Second, we 
performed a pragmatic trial and did not measure actual medication adherence, such 
as measuring the blood levels of those with vitamin C. While this is a limitation to 
testing the efficacy of vitamin C, it is an advantage because it mimics actual clinical 
practice. Third, PROMIS pain interference was designed more as a measure of the 
magnitude of physical limitations. Although it correlates well with coping strategies 
in response to pain,23 it might have been helpful to measure catastrophic thinking 
or pain self-efficacy directly.15,18,24-26 Fourth, we used the distance of the fingertip 
to the palmar crease as our primary outcome. There are relative differences when 
considering a large and small hand. But, due to randomization, such differences are 
divided equally among groups. Fifth, the effect of vitamin C on a specific subgroup 
cannot be determined from this study because the sample size is too small for 
subgroup analysis. Although to our knowledge there is no known difference in 
metabolism of vitamin C based on sex or age.

We found that vitamin C did not affect objective measurements of finger motion 
(distance to the palmar crease and total active finger or thumb motion) during 
recovery from distal radius fracture. One prior randomized trial found that vitamin C 

did not influence finger motion in patients with distal radius fracture.15 Their finding 
of worse wrist flexion and pinch strength 6 weeks after a nondisplaced fracture 
among patients taking vitamin C is likely spurious given the many statistical tests 
performed in their study. This study also measured similar constructs to our study 
but used different questionnaires (the DASH questionnaire 19 and VAS for pain 21) 
and found no effect of vitamin C.15 In light of that, we are confident that vitamin C 
has no clinically important effect on pain intensity and upper-extremity limitations. 
However, due to our sample size a small effect – smaller than in previous published 
trials 3,7 – cannot be excluded. In addition, if CRPS is pathophysiologically distinct 
and occurs very rarely after distal radius fracture, our study would not be able to 
detect a difference.   

Finger stiffness was associated with operative treatment and pain interference 
at enrollment and age and operative treatment at 6 weeks and 6 months after 
fracture, and upper extremity-specific limitations were associated with greater pain 
interference at 6 weeks and 6 months after fracture. Older age was associated with 
less motion 6 weeks after fracture. Although we did not assess for osteoarthritis 
directly, we speculate that this is because of underlying osteoarthritis in older 
people. Our finding is consistent with a recent prospective cohort study that 
found finger stiffness correlated with catastrophic thinking during recovery from 
volar plate fixation.18 The Pain Catastrophizing Questionnaire and PROMIS Pain 
Interference scores have a notable correlation.23 Aspects of normal human illness 
behavior (particularly coping strategies in response to nociception) seem to account 
for most variations in recovery. Demographic and injury characteristics are factors 
of long-term, patient-reported upper extremity function and pain after distal radius 
fracture,24,27-29 but the influence of psychological traits may be comparable or 
greater.15,18,24-26

Vitamin C does not facilitate recovery from distal radius fracture, and we do not 
recommend prescribing it after distal radius fracture. Attention to reducing pain 
interference by stimulating more adaptive coping strategies to help recovery from 
injury seems merited. Surgeon awareness and patient education are important in 
everyday management, and implementation of formal interventions such as cognitive 
behavioral therapy or mindfulness-based cognitive therapy are considerations if a 
patient demonstrates a concerning postoperative course; this is something future 
study can address. Adaptive coping strategies can be facilitated by conveying in 
a respectful and empathetic way that stiffness and pain are normal aspects of 
recovery and assuring patients that they can use their affected limbs–in spite of 
pain–for everyday tasks.



34 35

1

VITAMIN C AFTER DRF PART I | The injured distal radius and ulna

REFERENCES

1. Atkins RM, Duckworth T, Kanis JA. 
Algodystrophy following Colles’ fracture. J 
Hand Surg Br. 1989;14(2):161-164.

2. Atkins RM, Duckworth T, Kanis JA. Features 
of algodystrophy after Colles’ fracture. J 
Bone Joint Surg Br. 1990;72(1):105-110.

3. Zollinger PE, Tuinebreijer WE, Breederveld 
RS, Kreis RW. Can vitamin C prevent complex 
regional pain syndrome in patients with 
wrist fractures? A randomized, controlled, 
multicenter dose-response study. J Bone 
Joint Surg Am. 2007;89(7):1424-1431.

4. Dijkstra PU, Groothoff JW, ten Duis HJ, 
Geertzen JH. Incidence of complex regional 
pain syndrome type I after fractures of the 
distal radius. Eur J Pain. 2003;7(5):457-462.

5. Crijns TJ, van der Gronde B, Ring D, Leung 
N. Complex Regional Pain Syndrome After 
Distal Radius Fracture Is Uncommon and 
Is Often Associated With Fibromyalgia. Clin 
Orthop Relat Res. 2018;476(4):744-750.

6. Dilek B, Yemez B, Kizil R, et al. Anxious 
personality is a risk factor for developing 
complex regional pain syndrome type I. 
Rheumatol Int. 2012;32(4):915-920.

7. Zollinger PE, Tuinebreijer WE, Kreis RW, 
Breederveld RS. Effect of vitamin C on 
frequency of reflex sympathetic dystrophy 
in wrist fractures: a randomised trial. Lancet. 
1999;354(9195):2025-2028.

8. Dutton K, Littlejohn G. Terminology, criteria, 
and definitions in complex regional pain 
syndrome: challenges and solutions. J Pain 
Res. 2015;8:871-877.

9. Ring D, Barth R, Barsky A. Evidence-based 
medicine: disproportionate pain and 
disability. J Hand Surg Am. 2010;35(8):1345-
1347.

10. Stanton-Hicks M, Janig W, Hassenbusch 
S, Haddox JD, Boas R, Wilson P. Reflex 
sympathetic dystrophy: changing concepts 
and taxonomy. Pain. 1995;63(1):127-133.

11. Bruehl S, Harden RN, Galer BS, et al. External 
validation of IASP diagnostic criteria for 
Complex Regional Pain Syndrome and 
proposed research diagnostic criteria. 
International Association for the Study of 
Pain. Pain. 1999;81(1-2):147-154.

12. Harden RN, Bruehl S, Perez RS, et al. 
Validation of proposed diagnostic criteria (the 
“Budapest Criteria”) for Complex Regional 
Pain Syndrome. Pain. 2010;150(2):268-274.

13. van der Laan L, Goris RJ. Reflex sympathetic 
dystrophy. An exaggerated regional 
inflammatory response? Hand Clin. 
1997;13(3):373-385.

14. Oyen WJ, Arntz IE, Claessens RM, Van der 
Meer JW, Corstens FH, Goris RJ. Reflex 
sympathetic dystrophy of the hand: an 
excessive inflammatory response? Pain. 
1993;55(2):151-157.

15. Ekrol I, Duckworth AD, Ralston SH, Court-
Brown CM, McQueen MM. The influence of 
vitamin C on the outcome of distal radial 
fractures: a double-blind, randomized 
controlled trial. J Bone Joint Surg Am. 
2014;96(17):1451-1459.

16. Aim F, Klouche S, Frison A, Bauer T, Hardy P. 
Efficacy of vitamin C in preventing complex 
regional pain syndrome after wrist fracture: A 
systematic review and meta-analysis. Orthop 
Traumatol Surg Res. 2017;103(3):465-470.

17. Harris PA, Taylor R, Thielke R, Payne J, 
Gonzalez N, Conde JG. Research electronic 
data capture (REDCap)--a metadata-driven 
methodology and workflow process for 
providing translational research informatics 
support. J Biomed Inform. 2009;42(2):377-
381.

18. Teunis T, Bot AG, Thornton ER, Ring D. 
Catastrophic Thinking Is Associated With 
Finger Stiffness After Distal Radius Fracture 
Surgery. J Orthop Trauma. 2015;29(10):e414-
420.

19. Tyser AR, Beckmann J, Franklin JD, et al. 
Evaluation of the PROMIS physical function 
computer adaptive test in the upper extremity. 
J Hand Surg Am. 2014;39(10):2047-2051 
e2044.

20. Hung M, Tyser A, Saltzman CL, Wright Voss 
M, Bounsanga J, Kazmers NH. Establishing 
the Minimal Clinically Important Difference 
for the PROMIS and qDASH. J Hand Surg Am. 
2018;43(9):S22.

21. Jensen MP, Karoly P, Braver S. The 
measurement of clinical pain intensity: 
a comparison of six methods. Pain. 
1986;27(1):117-126.

22. Salaffi F, Stancati A, Silvestri CA, Ciapetti 
A, Grassi W. Minimal clinically important 
changes in chronic musculoskeletal pain 
intensity measured on a numerical rating 
scale. Eur J Pain. 2004;8(4):283-291.

23. Kortlever JT, Janssen SJ, van Berckel MM, 
Ring D, Vranceanu AM. What Is the Most 
Useful Questionnaire for Measurement 
of Coping Strategies in Response to 
Nociception? Clin Orthop Relat Res. 
2015;473(11):3511-3518.

24. MacDermid JC, Donner A, Richards RS, 
Roth JH. Patient versus injury factors as 
predictors of pain and disability six months 
after a distal radius fracture. J Clin Epidemiol. 
2002;55(9):849-854.

25. Ozkan S, Zale EL, Ring D, Vranceanu AM. 
Associations Between Pain Catastrophizing 
and Cognitive Fusion in Relation to Pain and 
Upper Extremity Function Among Hand and 
Upper Extremity Surgery Patients. Ann Behav 
Med. 2017;51(4):547-554.

26. Roh YH, Lee BK, Noh JH, Oh JH, Gong HS, 
Baek GH. Effect of anxiety and catastrophic 
pain ideation on early recovery after surgery 
for distal radius fractures. J Hand Surg Am. 
2014;39(11):2258-2264 e2252.

27. Grewal R, MacDermid JC, Pope J, Chesworth 
BM. Baseline predictors of pain and disability 
one year following extra-articular distal 
radius fractures. Hand (N Y). 2007;2(3):104-
111.

28. Souer JS, Lozano-Calderon SA, Ring D. 
Predictors of wrist function and health 
status after operative treatment of fractures 
of the distal radius. J Hand Surg Am. 
2008;33(2):157-163.

29. Rozental TD, Blazar PE, Franko OI, Chacko 
AT, Earp BE, Day CS. Functional outcomes 
for unstable distal radial fractures treated 
with open reduction and internal fixation or 
closed reduction and percutaneous fixation. 
A prospective randomized trial. J Bone Joint 
Surg Am. 2009;91(8):1837-1846.



36 37

1

VITAMIN C AFTER DRF PART I | The injured distal radius and ulna

APPENDICES

Appendix 1. Baseline characteristics of patient available and unavailable at 6 weeks and 6 
months after fracture.

6 weeks 6 months

Variable
Unavailable 

(n = 15)
Available 
(n = 119) P

Unavailable 
(n = 36)

Available 
(n = 98) P

Demographics
Age in years, mean ± SD 44 ± 19 49 ± 17 0.297 47 ± 17 49 ± 17 0.458
Women, n (%) 11 (73) 88 (74) > 0.99 31 (86) 68 (69) 0.075
Non-Caucasian, n (%) 4 (27) 13 (11) 0.100 6 (17) 11 (11) 0.394
Body mass index in kg/m2, 
mean ± SD

26 ± 6.1 25 ± 5.0 0.463 26 ± 6.5 25 ± 4.5 0.568

Years of education,  
mean ± SD

15 ± 2.9 16 ± 3.5 0.091 16 ± 2.5 16 ± 3.7 0.294

Employment status, n (%) 0.666 0.187
Working 10 (67) 87 (73) 23 (64) 74 (76)
Unemployed 3 (20) 21 (18) 10 (28) 14 (14)
Currently on sick leave 1 (6.7) 4 (3.4) 2 (5.6) 3 (3.0)
Retired 1 (6.7) 7 (5.9) 1 (2.8) 7 (7.1)

Marital status, n (%) 0.194 0.157
Single 9 (60) 45 (38) 17 (47) 37 (38)
Married or living with 
partner

6 (40) 59 (50) 13 (36) 52 (53)

Separated, divorced, or 
widowed

0 15 (13) 6 (17) 9 (9.2)

Tobacco use, n (%) 3 (20) 5 (4.2) 0.045 3 (8.3) 5 (5.1) 0.443
Supplement use, n (%) 0.945 0.297

None 8 (53) 63 (53) 17 (47) 54 (55)
Vitamin C 1 (6.7) 11 (9.2) 6 (17) 6 (6.1)
Multivitamin, containing 
vitamin C

3 (20) 27 (23) 7 (19) 23 (23)

Multivitamin, not containing 
vitamin C

3 (20) 18 (15) 6 (17) 15 (15)

Injury and treatment related, n (%)
Dominant extremity injured 9 (60) 55 (46) 0.413 16 (44) 48 (49) 0.699
Nonoperative treatment 13 (87) 70 (59) 0.047 19 (53) 64 (65) 0.229
Carpal tunnel release 0 13 (11) 0.360 5 (14) 8 (8.2) 0.334

PROMIS Pain Interference, 
mean ± SD

63 ± 8.5 63 ± 6.8 0.907 65 ± 6.4 62 ± 7.0 0.058

Measurements within 2 weeks after fracture, mean ± SD
Distance to palmar crease 3.6 ± 3.5 7.3 ± 6.1 0.023 8.0 ± 5.2 6.5 ± 6.2 0.248
Range of motion fingers 798 ± 169 719 ± 147 0.057 697 ± 148 740 ± 152 0.141

% of uninjured side 83 ± 17 76 ± 15 0.099 74 ± 14 78 ± 15 0.157
ROM thumb 206 ± 48 152 ± 52 < 0.001 145 ± 55 162 ± 54 0.106

% of uninjured side 74 ± 16 56 ± 20 0.0013 53 ± 19 60 ± 20 0.070
PROMIS Upper Extremity 27 ± 7.4 27 ± 7.8 0.961 25 ± 6.7 27 ± 8.0 0.219
Numeric rating scale for pain 3.7 ± 3.1 3.6 ± 2.4 0.957 4.1 ± 2.8 3.4 ± 2.4 0.158

PROMIS: Patient-Reported Outcomes Measurement Information System

Appendix 2. Sensitivity analysis without imputed data.

[95% CI]

Variable β lower upper Standard Error P
6 weeks after fracture (n = 119)

Distance to palmar crease -0.35 -1.8 1.1 0.72 0.629
ROM, fingers 8.0 -36 52 22 0.720

% of uninjured side -0.58 -4.9 3.7 2.2 0.791
ROM, thumb 3.0 -14 20 8.7 0.732

% of uninjured side -1.3 -7.9 5.2 3.3 0.686
PROMIS Upper Extremity 0.57 -2.2 3.4 1.4 0.683
Numeric rating scale for pain 0.20 -0.54 0.94 0.38 0.594

6 months after fracture (n = 98)
PROMIS Upper Extremity* 0.15 -3.2 3.5 1.7 0.930
Numeric rating scale for pain 0.20 -0.70 1.1 0.46 0.656

*Based on 97 values: one of 98 patients did not fill out the PROMIS-UE questionnaire; PROMIS = 
patient-reported outcomes measurement information system; UE = upper extremity.

Appendix 1. Continued
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Appendix 3. Full multivariable analysis of measurements at 6 weeks after fracture.

[95% CI]

Variable β lower upper Standard Error P Partial R2 Adjusted R2

Distance to palmar crease (cm)
Age in years 0.031 -0.019 0.080 0.025 0.219 0.0077

0.040

Body Mass Index in kg/m2 0.069 -0.081 0.22 0.076 0.362 0.0020
Marital status  
(ref: single)

Married or living with 
partner

0.022 -1.7 1.7 0.84 0.979 -0.0062

Separated, divorced, or 
widowed

2.0 -0.61 4.6 1.3 0.134 0.011

ROM of digits II - IV (degrees)
Age in years -1.5 -2.8 -0.083 0.69 0.038 0.033

0.091

Body Mass Index in kg/m2 -4.1 -8.5 0.23 2.2 0.063 0.024
Supplement use  
(ref: none)

Vitamin C -35 -112 41 39 0.360 0.000076
Multivitamin, containing 
vit. C

49 -6.0 103 27 0.080 0.019

Multivitamin, not 
containing vit. C

56 -9.0 120 33 0.091 0.018

ROM of digit I (degrees)
Age in years -0.72 -1.3 -0.18 0.27 0.009 0.052

0.12Operative treatment 
(ref: non-operative)

-32 -50 -13 9.2 0.001 0.086

Appendix 4. Full multivariable analysis of self-reported measures after fracture.

[95% CI]

Variable β lower upper Standard Error P Partial R2 Adjusted R2

PROMIS Upper Extremity score at 6 weeks after fracture
Age in years -0.077 -0.16 0.0054 0.042 0.067 0.022

0.087
PROMIS Pain Interference -0.32 -0.52 -0.12 0.10 0.002 0.072

PROMIS Upper Extremity score at 6 months after fracture
Age in years -0.10 -0.22 0.0067 0.056 0.065 0.030

0.17

Male sex  
(ref: women)

3.4 -0.64 7.4 2.0 0.099 0.019

Body mass index in kg/m2 -0.29 -0.70 0.12 0.20 0.160 0.021
Employment status  
(ref: working)

Unemployed -3.0 -7.8 1.9 2.4 0.224 0.011
Currently on sick leave -4.0 -13 5.4 4.7 0.398 0.0033
Retired 0.74 -6.5 7.9 3.6 0.839 -0.0050

PROMIS Pain Interference -0.36 -0.60 -0.11 0.12 0.004 0.068

Self-reported pain score at 6 weeks after fracture
Body mass index in kg/m2 0.033 -0.044 0.11 0.039 0.391 0.00057

0.069Years of education -0.11 -0.22 0.0021 0.056 0.054 0.024
PROMIS Pain Interference 0.056 -0.0011 0.11 0.029 0.055 0.028

Self-reported pain score at 6 months after fracture
Male sex (ref: women) -0.99 -2.1 0.082 0.54 0.070 0.023

0.089
Tobacco use  
(ref: no tobacco use)

2.0 -0.69 4.6 1.3 0.143 0.032

Operative treatment  
(ref: nonoperative)

1.0 -0.093 2.1 0.55 0.072 0.033

PROMIS = Patient-Reported Outcomes Measurement Information System
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Appendix 5. Unplanned analysis: factors independently associated with distance to palmar crease 
and range of motion within 2 weeks after distal radius fracture.

[95% CI]

Variable β lower upper Standard Error P Partial R2 Adjusted R2

Distance to palmar crease
Male sex (ref: women) -2.2 -4.4 0.10 1.1 0.061 0.017

0.19

Dominant extremity injured  
(ref: nondominant)

1.8 -0.13 3.7 0.98 0.067 0.016

Operative treatment  
(ref: nonoperative)

4.5 2.3 6.6 1.1 < 0.001 0.10

Carpal tunnel release  
(ref: no release)

0.86 -2.7 4.4 1.8 0.637 -0.0052

PROMIS Pain Interference 0.12 -0.013 0.26 0.070 0.077 0.015

ROM digits II - IV
BMI -2.2 -6.9 2.6 2.4 0.366 -0.0012

0.18

Employment status  
(ref: working)

Unemployed -39 -101 24 32 0.221 0.0034
Currently on sick leave -6.4 -132 119 64 0.920 -0.0065
Retired 105 3.5 206 51 0.043 0.021

Marital status (ref: single)
Married or living with partner -27 -77 23 25 0.293 0.00077
Separated, divorced, or 
widowed

-69 -151 13 41 0.098 0.012

Operative treatment  
(ref: nonoperative)

-77 -130 -23 27 0.006 0.046

Carpal tunnel release  
(ref: no release)

-4.2 -92 84 45 0.926 -0.0065

PROMIS Pain Interference -4.8 -8.3 -1.3 1.8 0.007 0.043

Range of motion digit I
Body mass index -1.1 -2.8 0.65 0.88 0.216 0.0038

0.13

Marital status  
(ref: single)

Married or living with partner -5.6 -24 13 9.4 0.556 -0.0045
Separated, divorced, or 
widowed

-40 -70 -9.8 15 0.010 0.040

Dominant extremity injured  
(ref: nondominant)

-3.7 -21 14 8.9 0.684 -0.0057

Operative treatment  
(ref: nonoperative)

-19 -39 1.4 10 0.068 0.016

Carpal tunnel release  
(ref: no release)

-9.1 -42 24 17 0.583 -0.0048

PROMIS Pain Interference -1.5 -2.8 -0.21 0.65 0.023 0.030

PROMIS: Patient-Reported Outcomes Measurement Information System
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ABSTRACT

Background Closed reduction and percutaneous pinning (CRPP) is losing popularity 
as a treatment modality for the treatment of distal radius fractures. However, in 
select cases, CRPP may have advantages relative to open reduction and internal 
reduction.

Questions/purposes We aimed to retrospectively assess the outcomes after CRPP 
for the treatment of distal radius fractures. 

Methods We used billing records to identify all skeletally mature patients with a distal 
radius fracture who were treated with CRPP by a single surgeon at a level I trauma 
center in an urban city in the USA. We assessed the medical charts and recorded 
demographics, trauma and treatment characteristics, radiographic characteristics, 
and outcomes. 

Results All patients had a good or excellent range of motion regarding forearm 
rotation, and almost 80% had good or excellent range of motion regarding flexion 
or extension of their wrist. One patient had a concern for pin tract infection, and 
one patient had subcutaneous migration of a pin, which were both treated by pin 
removal. 

Conclusions CRPP is a good option in patients with few and sizeable fracture 
fragments in patients with a distal radius fracture, and should be considered as an 
effective tool to restore radiographic parameters and functional outcomes. 

INTRODUCTION

It is acknowledged that different fracture types of the distal radius merit different fixation 
methods, but specific recommendations based on fracture type are unavailable due to 
the absence of convincing scientific evidence.1-4 Despite the absence of a consistent 
treatment algorithm for distal radius fractures, there seems to be a collective tendency 
among orthopedic trauma surgeons to treat distal radius fractures with open reduction 
and internal fixation (ORIF) – even though ORIF does not always seem to result in 
superior long term results when compared to closed reduction and percutaneous pinning 
(CRPP),5,6 and the results of CRPP are comparable to those of ORIF.7 The advantages 
that CRPP can have relative to ORIF in selected fractures seem to play a subordinate 
role in surgical decision making, as CRPP appears to be losing popularity among 
surgeons.5 Apart from being less invasive and possibly a technically less demanding 
procedure compared to ORIF, CRPP also seems to be more economical than ORIF.6,8 
This advantage will become more and more elemental as the treatment of distal radius 
fractures is increasingly challenging the financial allocations in healthcare, both due to 
aging populations and the rising use of (costly) ORIF as a primary treatment modality.9 
Despite these advantages and despite evidence suggesting superior results of CRPP 
compared to plaster casting,4 we noticed that the use of CRPP in our institutions is 
relatively unpopular compared to treatment of distal radius fractures by ORIF. 

We therefore aimed to retrospectively assess the outcomes after closed reduction and 
percutaneous Kirschner wire pinning for the treatment of distal radius fractures and to 
compare these with the results of previous studies. 

METHODS

After approval by our institutional review board, we used billing records to identify all 
skeletally mature patients with a distal radius fracture who were treated with closed 
reduction and percutaneous Kirschner wire pinning by a single surgeon at a level I 
trauma center in an urban city in the United States from 2012 to 2016. We excluded 
one patient who had fractures on the same extremity that required surgical treatment 
in the same surgery and two patients who had less than six weeks of follow-up. 
Our final study cohort consisted of 34 patients. We manually assessed the charts, 
operative reports and radiographs of each of these patients and recorded basic 
demographics, trauma characteristics, treatment characteristics, and outcomes. We 
measured radiographic parameters of the radius fractures on the pre-reduction and 
the final follow-up radiographs. 
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Patient and injury characteristics
We included 34 patients in this study with a mean age of 47 ± 18 years (range 22 
– 85 years). Our cohort consisted mostly of females (n=28; 82%) and the majority 
of the patients (n=25; 74%) had an AO-Muller type C fracture (Table 1). The mean 
duration of follow-up was 19 weeks (range 6 – 89 weeks). 

Figure 1. A - C: Preoperative radiographs and CT-scan demonstrated a multi-
fragmentary intra-articular fracture of the distal radius. 

D + E: Post-treatment radiographs after pinning of the dorsal ulnar corner to restore 
the intermediate column, and pinning of the radial styloid to restore the radial column. 
F + G: Final follow-up radiographs, 5.5 months after the procedure date. 

Treatment characteristics
All patients were treated within the first two weeks after their injury. The pinning 
procedure was carried out using mini C-arm image intensification (Figure 1). The 
distal radius fracture was reduced with a combination of traction, wrist flexion 
and ulnar deviation. Those fractures that could not be reduced anatomically, 
including fractures affecting the volar lunate facet, were deemed to be unsuitable 
for this technique and were converted to open reduction and internal fixation. After 
confirming that the fracture could be reduced anatomically, a small incision was 

made just distal to the tip of the radial styloid. We then performed subcutaneous 
dissection in order to expose the tip of the radial styloid. Utilizing a soft tissue 
protector, a 0.062-inch Kirschner wire was placed initially from the tip of the radial 
styloid across the fracture site into the proximal fragment under direct vision. An 
oscillating attachment was used for placement of all wires. After confirming the 
position of the first Kirschner wire to be satisfactory, this was usually augmented with 
a second wire placed in a similar fashion. In those patients who required additional 
wire placement in the die punch fragment (the dorso-ulnar corner of the intermediate 

Table 1. Patient, trauma, diagnosis, and treatment characteristics.

Variable
All patients 

(n=34)
Patient characteristics

Women, n (%) 28 (82)
Age, mean ± SD, years 47 ± 18
BMI mean ± SD, kg/m² 24 ± 4.5
Smoker, n (%) 4 (12)

Trauma characteristics
Mechanism of injury, n (%)

Fall from standing height 18 (53)
Fall from stairs 5 (15)
Motor vehicle accident 3 (8.9)
Sports 8 (24)

Dominant wrist injured, n (%) 22 (63)

Diagnosis and treatment characteristics
AO Muller fracture classification, n (%)

A 8 (24)
B 1 (2.9)
C 25 (74)

Days from injury to surgery, mean ± SD 6.7 ± 3.4 
Duration of surgery, mean ± SD, minutes 24 ± 7.5
Days from surgery to pin removal, mean ± SD 41 ± 6.0
Rehabilitation protocol, n (%) 34 (100)
Number of pins used, n (%)

2 17 (50)
3 13 (38)
4 4 (12)

Size of pins used, n (%)
0.062 inch 22 (65)
Combination of 0.045 and 0.062 inch 12 (35)

Total duration of follow-up, mean ± SD, weeks 19 ± 14

A

D E F G

B C
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column), an additional incision was made distal and ulnar to the die punch fragment. 
Dissection was carried out carefully between the extensor tendons to expose the 
dorsal ulnar lip of the radius. A 0.045 inch Kirschner wire was then placed from the 
die punch fragment across the fracture site into the proximal fragment to create an 
‘X’-shaped construct. After confirming the position of the wires to be satisfactory on 
orthogonal radiographic views, the wires were cut and bent. 

The patient’s upper limb was supported in splints for the first five to seven days after 
surgery. Patients were then transitioned to a plaster cast, which was maintained for 
between 5 and 6 weeks. During this time, they were given rehabilitative exercises 
to maximize digital range of motion and perform edema control measures. The 
Kirschner wires were removed after an average of 41 ± 6 days (range 26 – 48 
days; Table 1). The injured wrist was then placed in an Orthoplast® splint and a 
formal rehabilitation program supervised by certified hand therapists was started. 
Strengthening was commenced 3 weeks after starting the rehabilitation exercises 
and at this stage, all splinting was discontinued.

RESULTS

Radiographic evaluation of the final follow-up radiographs showed a 32% 
improvement of the mean radial height and a mean difference of 19° in the palmar 
tilt (Table 2). Almost 80% of the patients demonstrated a good or excellent range 
of motion in terms of flexion/extension of the wrist and all patients had a good or 
excellent range of motion in terms of forearm rotation (Table 3). One patient had a 
pin tract infection 5 weeks after pin placement, which was treated by pin removal. 
One patient required a minor additional procedure due to subcutaneous migration of 
a radial styloid pin, where 6.5 weeks after the initial procedure a small incision was 
made and the pin was identified and removed without any difficulty. 

Table 2. Radiographic parameters of the distal radius fractures.

Radiographic parameter, mean ± SD Pre-reduction Final follow-up

Radial height, mm 7.3 ± 8.5 9.6 ± 2.1
Radial inclination, degrees 15 ± 5.5 20 ± 3.9
Articular gap, mm 1.5 ± 1.4 0.052 ± 0.22
Articular step, mm 0.64 ± 0.82 0.043 ± 0.18
Anterioposterior distance, mm 19 ± 4.3 19 ± 2.4
Palmar tilt, degrees -18 ± 12 0.39 ± 8.3
Teardrop angle, degrees 43 ± 14 60 ± 6.9

DISCUSSION

In the contemporary setting, distal radius fractures are not treated on the basis of 
well-established guidelines or algorithms. Rather, ORIF with a volar locked plate 
has become the procedure of choice for most surgeons. Despite the fact that in 
some cases of distal radius fractures CRPP seems superior when compared to 
other treatment options,4,6,8 it is losing popularity among orthopaedic surgeons.5 We 
aimed to evaluate our results of CRPP of distal radius fractures and to compare 
these with the prior literature. 

Our finding that CRPP is a satisfactory technique for restoring radiographic 
parameters is supported by multiple studies.10-12 We found that over 80% of the 
patients who received CRPP for their distal radius fracture demonstrated good to 
excellent range of motion at their final follow-up appointment. This high proportion 
of patients showing good to excellent range of motion is consistent with prior 
studies reporting range of motion after CRPP.6,10,12-16

Of the 34 patients, two patients (5.9%) had complications: 1 patient showed signs of 
superficial pin tract infection and one patient had subcutaneous migration of one pin. 

Prior published data regarding (superficial) pin tract infections after CRPP of distal 
radius fractures indicate pin tract infection rates varying from 1.7% to 9.5% 10,16-19, 
nearly always resolving after removal of the pins. In-situ time of the pins appears to 
be a risk factor for infection and burying the pins in for prolonged in-situ time may 
help reduce infection rates 20. While pin migration leading to fracture re-displacement 
has been reported in prior literature 12, we did not encounter this in our cohort.

Table 3. Range of motion after percutaneous Kirschner wire pinning of distal radius 
fractures.

Range of Motion, n (%) All patients (n=34)

Wrist flexion/extension
Excellent (arc >140°) 17 (50)
Good (arc 120 – 140°) 10 (29)
Fair (arc 100 – 120°) 6 (18)
Poor  (arc <100°) 1 (2.9)

Forearm rotation
Excellent (arc >140°) 28 (82)
Good (arc 120 – 140°) 6 (18)
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The debate regarding the need for and the type of operative fixation of distal radius 
fractures is an ongoing process.1-4 This is largely a debate between physicians, 
since patients do not always seem to have a strong preference for a specific fixation 
method.21 Published data indicates that less invasive treatment methods may lead 
to better subjective outcomes in specific fracture types.22,23 This is in contrast with 
a prospective randomized trial indicating that the early post-operative functional 
outcomes seem to be in favor of ORIF, although none of these two treatment methods 
showed superiority in terms of long-term radiographic or functional outcomes.24 A 
prospective randomized trial comparing the results of early rehabilitation after ORIF 
to delaying rehabilitation for 6 weeks, showed no difference in clinical outcomes 
after 6 months.25 It would therefore seem intuitive that CRPP followed by 6 weeks of 
casting would have similar outcomes for carefully selected fractures which could be 
treated either with ORIF or CRPP. 

These discussions regarding the role of CRPP in the treatment of distal radius 
fractures are mainly exclusively informed by clinical variables. Since the burden of 
distal radius fractures on the health care resource allocations is expected to grow,9 
it is becoming increasingly important to also explore our treatment strategies for 
distal radius fractures from a resource allocation perspective. Despite an abundance 
of literature on distal radius fractures, the financial aspect of this very common 
fracture is relatively underexposed. The very few studies that assessed resource 
allocation in the treatment of distal radius fractures show consistent results: the 
financial burden of distal radius fractures is increasing, mainly due to the prevailing 
utilization of volar locked plating in the treatment of these fractures.6,8,9,21

Prior research has established that, depending on the number of fracture fragments, 
CRPP leads to satisfactory results in the treatment of distal radius fractures.14 Pins 
placed in the distal radius seem to be less prone for complications compared to pins 
placed in the metacarpals or the phalanges,18 and proper knowledge of the anatomy 
of the wrist may aid in minimizing the already low number of adverse events after 
CRPP even further.26 

In addition, when one considers allocation of health care expenditure, one has to 
also consider reimbursements to treating physicians. In the contemporary setting, 
ORIF is reimbursed by Medicare at nearly twice the rate as CRPP. Therefore, one 
has to carefully consider the influence that such inequity may have on treatment 
choices. Future research should aid this discussion by providing more insights in the 
differences in costs between different treatments of distal radius fractures.

This study should be interpreted in light of its strengths and limitations. As with 
every database study, we rely on the accuracy of the coding and there may be a 
small amount of miscoding errors. Based on prior published data, it is unlikely 
that this will have a consequential influence on our results.27 Second, our sample 
size was not large enough to allow us to perform a meaningful statistical analysis. 
However, a statistical analysis would be beyond the scope of this article as we 
aimed to describe the outcomes of a single surgeon’s experience with CRPP and 
to compare these to previously published data. Lastly, we also acknowledge that 
since we selected this cohort based on the CPT-code for CRPP, there may be some 
selection bias – excluding fracture types that do not qualify for treatment through 
CRPP such as certain displaced volar lunate facet fractures.  Our strengths include 
an adequate time of follow-up, the fact that all patients were treated by the same 
surgeon which eliminated interobserver bias, and the increasing clinical relevancy of 
CRPP in the setting of distal radius fractures. 

In conclusion, our results show that CRPP can be an effective tool for restoring 
radiographic parameters after carefully selected type A and type C distal radius 
fractures, and that most patients demonstrate a good or excellent range of wrist 
motion after treatment with CRPP. We acknowledge that ORIF is a good surgical 
option in multifragmentary fractures or fractures in patients with poor bone quality. 
However, in light of comparable radiographical and long-term functional outcomes 
for carefully chosen fractures, we encourage considering CRPP more prominently in 
(young) patients with few and large fracture fragments. 
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T

ABSTRACT

Background There is little published data to guide management of ulnar neck 
fractures associated with fractures of the distal radius. 

Questions/purposes As unplanned surgery usually reflects adverse events and this 
injury combination is relatively uncommon, we used a large database to study the 
incidence of unplanned surgeries after surgical and nonsurgical treatment of distal 
metaphyseal ulna fractures associated with a distal radius fracture and to identify 
factors associated with these unplanned surgeries.

Methods We identified 277 patients with an ulnar neck fracture associated with 
a distal radius fracture. Fifty-six (20%) ulnar neck fractures were initially treated 
operatively and six of these 56 (11%) had a second, unplanned surgery. Of the 
221 initially non-operatively treated fractures only one (0.45%) had a subsequent 
unplanned surgery that seems unrelated to the fracture (ulnar nerve neurolysis).

Results Bivariate analysis showed that younger age, open fracture, multifragmentary 
fractures and initial operative treatment of the ulnar neck fracture were significantly 
associated with unplanned surgery. A multivariable analysis was not feasible due to 
the small number of unplanned surgeries.

Conclusions Eighty percent of ulnar neck fractures associated with a fracture of 
the distal radius are treated non-operatively in our region and subsequent surgery 
for problems is very uncommon. Operative treatment and fracture complexity were 
associated with unplanned surgery, which reflects some measure of injury severity, 
technical inadequacy, and inherent problems associated with surgery.

INTRODUCTION

Displaced fractures of the distal radius disrupt the distal radioulnar joint (DRUJ). 
An uncommon ulnar sided injury associated with distal radius fractures is a 
fracture through the neck of the distal ulna. Treatment of such fractures varies. Our 
experience shows that most of these fractures align adequately once the radius 
is aligned (Figure 1), have little trouble healing, and do not benefit from specific 
treatment.1,2 Others feel that fractures of the ulnar neck merit open reduction and 
internal fixation to limit the potential for non- or malunion and to improve DRUJ 
function. There is not much published data to inform these discussions.1-3

Figure 1. A 48-year-old woman had an open fracture of her right distal radius and 
concomitant fracture of the distal ulna due to a fall from a standing height. 

A + B: PA and lateral radiographs demonstrate a comminuted distal radius fracture and an ulnar 
neck fracture. C + D: PA and lateral radiographs after plate fixation of the radius the same day. 
E + F: PA and lateral radiographs 7 weeks after surgery demonstrated incomplete healing of 
both the radial and the ulnar fractures. G + H: PA and lateral radiographs 4 months after surgery 

demonstrated good alignment and healing. PA = posteroanterior
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Large databases can help us study uncommon conditions like fractures of the 
distal ulna associated with distal radius fractures and to identify adverse events of 
treatment such as unplanned operations.4 In database studies, unplanned surgery 
usually reflects adverse events, which may lead to dissatisfaction. The purpose of 
this study is to test the primary null hypothesis that there are no factors associated 
with unplanned surgery after initial operative or nonoperative management of 
metaphyseal ulna fractures associated with distal radius fractures. 

METHODS

Study design
After approval by our institutional review board, we queried a multi-institutional 
Research Patient Data Registry containing all encounters covering three hospitals 
(two level I trauma centers and one community hospital tied to a level I trauma 
center) in a single city in the United States of America between 2002 and 2015. 
We included all patients aged 18 years or greater with a fracture of the distal ulna 
associated with a fracture of the distal radius using International Classification of 
Disease 9 (ICD-9) codes 813.22, 813.32, 813.43, 813.44, 813.53, 813.54, 813.82 and 
813.92 resulting in 1314 patients who were treated for a fracture of the ulna. To 
determine treatments, we then cross matched this cohort with Current Procedural 
Terminology (CPT) codes for open treatment of ulnar fractures (256521, 25652, 
25574, 25575, 25607, 25545 and 25240) and closed treatment of ulnar fractures 
(25535, 25560, 25565 and 25605).  

Two authors (SÖ, SF) then assessed the radiographs to identify metaphyseal 
fractures and included every fracture with a fracture line in the ulnar metaphysis. 
When it was not clear if the fracture was metaphyseal, both pre- and post-treatment 
radiographs were presented to our senior author (DR), who then made a decision 
about inclusion. This resulted in an initial cohort of 339 patients. We excluded 
39 patients with an isolated ulnar neck fracture, 17 fractures with an associated 
fracture of the radial shaft rather than the distal radius, and six patients due to 
inaccessible chart information or radiographs, leaving us with a final cohort of 277 
patients (Table 1).

We recorded patient characteristics (age, sex, insurance type, obesity, smoking 
status, alcohol misuse), injury characteristics (side of injury, open or closed fracture, 
associated injuries), and treatment details (type of treatment, time from injury to 

Table 1. Characteristics of the study population and their relation to unplanned surgery of  
the ulna.

All 
patients

No unplanned 
surgery

Unplanned 
surgery

Variable (n = 277) (n = 270) (n = 7) P
Patient characteristics

Age, mean ± SD, years 65 ± 18 66 ± 17 51 ± 13 0.0171

Sex, n (%) >0.992

Male 49 (18) 48 (18) 1 (14)
Female 228 (82) 222 (82) 6 (86)

Alcohol abuse, n (%) 31 (11) 29 (11) 2 (29) 0.182

Obesity, n (%) 35 (13) 35 (13) 0 (0) 0.602

Smoking, n (%) 92 (33) 90 (33) 2 (29) >0.992

Workmans comp insurance, n (%) 3 (1.1) 3 (1.1) 0 (0) >0.992

Injury characteristics
Side of injury, n (%) 0.0582

Left 144 (52) 143 (53) 1 (14)
Right 133 (48) 127 (47) 6 (86)

Associated ipsilateral injuries, n (%) 0.112

Carpal fracture 5 (1.8) 5 (1.9) 0 (0)
Hand fracture 7 (2.5) 7 (2.6) 0 (0)
Forearm fracture 3 (1.1) 3 (1.1) 0 (0)
Upper arm fracture 13 (4.7) 12 (4.4) 1 (14)
Clavicular fracture 2 (0.72) 1 (0.37) 1 (14)
Scapular fracture 1 (0.36) 1 (0.37) 0 (0)
>1 ipsilateral fragment 2 (0.72) 2 (0.74) 0 (0)

Fracture characteristics
Open fracture, n (%) 62 (22) 57 (21) 5 (71) 0.0072

Fracture line, n (%) 0.0442

Oblique 119 (43) 116 (43) 3 (43)
Transverse 125 (45) 124 (46) 1 (14)
Multifragmentary 33 (12) 30 (11) 3 (43)

Articular involvement, n (%) 5 (1.8) 4 (1.5) 1 (14) 0.122

Displaced fracture, n (%) 133 (48) 128 (47) 5 (71) 0.272

Associated ulnar styloid base fracture, n (%) 66 (24) 64 (24) 2 (29) >0.672

Treatment characteristics
Time injury to treatment, median (IQR), days <1 (0 - 3) <1 (0 - 3) <1 (0 - 3) 0.671

Cases treated by experienced surgeon*, n (%) 182 (66) 177 (66) 5 (71) >0.992

Initial operative treatment of ulna, n (%) 56 (20) 50 (19) 6 (86) <0.0012

1 Wilcoxon rank-sum test
2 Fisher’s exact test 
* surgeons who comply to our volume criterion
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treatment, supervising healthcare provider, loss of fixation after treatment and 
unplanned surgery) from the medical records. Surgeons that operated on more than 
10 wrist fractures in our study timeframe were considered high volume.

Fifty-six (20%) of distal ulna fractures were treated operatively: 40 with plate and 
screws (71%), nine through pinning (16%), 5 with tension bands (9%), and two had a 
distal ulna resection (4%). Seven patients (2.5%) had an unplanned surgery after initial 
treatment, including one of the 221 (0.45%) patients initially treated nonoperatively 
(ulnar nerve decompression) and six of the 56 patients initially treated operatively 
(11%; Table 1). The most common indications for unplanned surgery of the ulna were 
symptomatic implants (n=3; 43%) and loss of fixation within one month (n=2; 29%; 
Table 2). None of these subsequent surgeries were part of the initial treatment plan. 
Both losses of fixation failures were complex fractures where the fragmentation of 
the ulnar neck and the distal radius extended to the diaphysis. Of the associated 
distal radius fractures, 17 patients had unplanned surgery of the distal radius after 
initial treatment (6%), with symptomatic implants (n=10; 4%) as the most common 
indication for unplanned surgery and concern for nonunion (Figure 2) as the least 
common indication for unplanned surgery of the ulnar neck (Table 2).

Statistical analysis
We described the frequencies of dichotomous and categorical variables. 
Continuous variables with a normal distribution were reported as mean values and 
standard deviations (SD). We reported the median and interquartile range (IQR) for 
continuous variables with a nonparametric distribution. We used the two-sample 
t-test with equal variances to study the association between normally distributed 
continuous and discrete variables, the Fisher exact test for the association 
between discrete variables and the Wilcoxon rank sum test for the association 
between continuous variables with a nonparametric distribution and discrete 
variables. We initially planned to do a multivariable analysis, but this was infeasible 
due to the low number of unplanned surgery events for ulnar neck fractures.  
A power analysis based on the Fisher exact test indicated that the sample sizes of 
unplanned surgery (n=7) and no unplanned surgery (n=270) provided 99% power 
to detect a difference in proportions with a delta of 0.67. We considered two-tailed 
P-values of less than 0.05 to be significant. 

Figure 2. A 54-year-old woman had an open fracture of her right distal radius with 
concomitant fracture of the distal ulna due to a fall from a standing height.

A + B: PA and lateral radiographs after injury demonstrated distal radius and ulnar neck fractures 
with dorsal angulation. C: A PA radiograph after plate fixation of both the radius and the ulna 
demonstrated improved alignment and internal fixation. D + E: PA and lateral radiographs 2 weeks 
after surgery showed no change in alignment. F: A PA radiograph 8 weeks after surgery demonstrated 
loosening of the ulnar plate and screws. G + H: PA and lateral radiographs after Darrach’s resection.  

PA = posteroanterior

RESULTS

In bivariate analysis, younger age, open fracture, multifragmentary fractures, and 
initial operative treatment of the ulnar neck fracture were associated with unplanned 
surgery of the ulnar metaphysis (Table 1). There were insufficient reoperations for 
our planned multivariable analysis.
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Table 2. Characteristics of unplanned surgeries.

Ulna

Distal radius
Operative  
treatment

Non-operative 
treatment

Variable, n (%) (n=277) (n=56) (n=221)
Complication

Concern for nonunion 1 (0.36) 1 (1.8) -
Malunion 1 (0.36) - -
Loss of fixation 2 (0.72) 2 (3.6) -
Symptomatic implants 10 (3.6) 3 (5.4) -
Acute carpal tunnel 
syndrome

3 (1.1) - - 

Ulnar nerve compression - - 1 (0.45)
Totals 17 (6.1) 6 (11) 1 (0.45)

Procedure
Implant removal 9 (3.3) 3 (5.4) -
ORIF 1 (0.36) - -
Pinning 1 (0.36) - -
Revision ORIF 3 (1.1) 1 (1.8) -
Revision pinning - 1 (1.8) -
Darrach - 1 (1.8) -
Ulnar nerve neurolysis - - 1 (0.45)
Median nerve neurolysis 1 (0.36) - - 
Carpal tunnel release 2 (0.72) - - 
Totals 17 (6.1) 6 (11) 1 (0.45)

DISCUSSION

There is little published data to guide surgical management of an ulnar neck fracture 
associated with fracture of the distal radius. Large databases are useful for studying 
uncommon injury combinations such as this one. While such databases have limited 
specific information about symptoms and physical examination, surrogates such as 
unplanned surgery can be used to estimate adverse events and dissatisfaction.4 This 
study used a large research database to study the incidence of unplanned surgery 
after treatment of metaphyseal ulna fractures associated with fractures of the distal 
radius and to identify factors associated with unplanned surgery.

This study should be interpreted in light of its strengths and limitations. First, our 
research database comprises data from two level I trauma centres and one affiliated 
community hospital in an urban city and may not apply to other settings. Second, 

since we used ICD-9 and CPT codes to identify our cohort, we relied on accurate 
recordkeeping and there may be a small amount of miscoding as is typical for 
retrospective database studies. This is a known characteristic of database studies 
and has minimal influence on the results.5,6 Third, even though database studies are 
well suited to uncommon injuries, reoperation was sufficiently uncommon that we 
were unable to conduct a multivariable analysis. Fractures treated non-operatively 
might be different from fractures with initial operative treatment (for instance, 
many were open fractures) in ways that we could not fully account for without 
multivariable analysis. Also, some of the fixation failures might be attributable to 
technical deficiencies – we did not study surgical technique. Last, it’s possible that 
some patients had subsequent surgery outside our system, but based on prior 
research and knowledge of referral patterns, this is likely to be very uncommon.7

In bivariate analysis age, open fracture, multifragmentary fractures and initial 
operative treatment of the ulnar neck fracture were significantly associated 
with unplanned surgery of the ulnar neck. Fewer than 3% of ulnar neck fractures 
associated with fractures of the distal radius had subsequent surgery (11% of those 
treated operatively and fewer than 1% of those treated non-operatively). To date, 
there is limited published data regarding unplanned surgery of ulnar neck fractures 
associated with distal radius fractures. Four small case series described unplanned 
surgery in 0 to 33% of patients.1,8-10 A recent review concluded that there is no 
consensus on operative versus nonoperative management of ulnar metaphyseal 
fractures.11 One case series described one unplanned surgery of the ulnar neck after 
an open fracture.1 In our cohort, five of seven unplanned surgeries (71%) after initial 
operative treatment were open injuries. Since open fractures are treated operatively 
12 and both open fracture and initial surgical treatment of the ulna were associated 
with unplanned surgery, a larger cohort allowing a multivariable analysis would help 
identify an independent association between open fractures and unplanned surgery 
of the ulnar neck. Establishing a cohort large enough to be able to perform this 
multivariable analysis is however difficult in terms of feasibility: larger database 
studies merely based on coding alone would not be meaningful because the codes 
themselves, without manual review of each of the radiographs, are not specific 
enough for accurate identification of ulnar neck fractures. 

Ulnar neck fractures associated with distal radius fractures raise concerns for healing 
and hindrance of forearm rotation due to malunion. Our data suggest that there 
needs to be little concern for these issues, at least in the setting of internal fixation 
of the distal radius fracture. Based on our experience, it seems that the distal ulna 
aligns adequately when the distal radius is aligned and fixed with a plate and screws 



64 65

3

ULNAR NECK FRACTURES ASSOCIATED WITH DRFPART I | The injured distal radius and ulna

and uncommonly creates problems leading to surgery after initial nonoperative 
treatment. Additional research with larger cohorts might help determine if there is 
a subset of ulnar neck fractures associated with distal radius fractures that might 
benefit from operative treatment.   
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ABSTRACT

Background Radiographic diagnosis of scapholunate injury (SLI) in the setting of 
distal radius fractures (DRFs) is challenging. It remains unclear to what extent 
radiographic diagnosis of SLI by a radiologist influences surgical decision-making 
regarding treatment of SLI. 

Questions/purposes We aimed to: 1. identify the number of times that concerns 
for the possibility of concurrent SLI in the setting of a DRF had been raised by the 
radiologists, 2. identify how often the radiologist’s diagnosis was confirmed by the 
treating surgeon, and 3. how many of the patients with a radiographic concern for 
SLI by the radiologist received operative treatment for the SLI.

Methods Based on CPT-codes, we identified 2923 patients that were operatively 
treated for their DRF in 1 of 3 participating institutions in an urban city in the USA. 
We reviewed the medical charts of 654 patients who had a mention of SL distance 
in their radiography-, surgery-, or clinical notes. We then measured the SL-distance 
and recorded patient-, diagnosis-, and treatment characteristics of all these patients.

Results 200 out of 2923 patients (6.8%) received a radiological diagnosis of SLI. 
In seven of these patients (3.5%), the surgeon confirmed the diagnosis of the 
radiologist. Four patients (2%) had operative repair of their SLI. 

Conclusions Radiologists demonstrate a low threshold to identify SLI in the setting 
of DRFs, while the number of SLI identified by the treating surgeon are a remarkably 
smaller number. 

INTRODUCTION

Distal radius fractures (DRFs) are often accompanied by concomitant ligamentous 
injury in the wrist.1 The most commonly associated intercarpal ligament lesion  
is scapholunate ligament injury (SLI), with reported incidence rates varying from 
5-69%.2-4 This rate seems to be higher in intra-articular DRFs or fractures with a positive 
ulnar variance that is more than two millimeters.5 Despite our evolving understanding 
of the pathomechanics of these injuries,6,7 clinical diagnosis of associated SLI is 
challenging due to localized pain and diagnosis of acute concomitant SLI depends 
largely on radiographic assessment.8 It has been suggested that radiographic 
evaluation of SLI is better suited for excluding rather than diagnosing SLI.9 In 
addition, the outcomes of post-traumatic radiographic assessment of SLI should be 
interpreted with caution because patients with SLI may have a normal radiographic 
appearance or the SLI may have a non-traumatic origin.10,11 Nevertheless, patients 
with a DRF accompanied by SLI seem to benefit from timely diagnosis and 
treatment.8 There is, however, insufficient evidence regarding the choice of surgical 
treatment of SLI and treatment considerations made by surgeons are therefore 
mostly experience-based rather than evidence-based.12 Since closed treatment of 
DRFs appears to be losing popularity, we speculate that we might see a progression 
of SLI that would be treated implicitly through immobilization of the DRF.5 Given the 
fact that it remains unclear to what extent radiographic diagnosis of SLI associated 
with a DRF should influence the surgical decision-making regarding the treatment of 
these ligamentous injuries, we aimed to identify the number of times that concerns 
about the possibility of concurrent SLI in the setting of a DRF had been raised by the 
radiologists, and to identify the number of patients who had a clinically confirmed 
diagnosis of this radiographically established concern for SLI. We further aimed to 
identify how many of the patients with a radiographic concern by the radiologist 
for SLI had an operative scapholunate ligament (SLL) repair. Lastly, we aimed to 
identify risk factors that are (independently) associated with operative repair of SLL 
diastasis in patients who were operatively treated for a DRF. 

METHODS

Study Design
After approval by our institutional review board, we queried a research database of 
three affiliated urban hospitals in a single city in the United States from 2005-2015. 
We retrospectively included all patients who were at least 18 years old at the time of 
surgical treatment of their DRF, as identified by Current Procedural Terminology 
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(CPT) codes for treatment of DRFs by means of external fixation (20690 or 20692), 
percutaneous Kirschner-wire pinning (25606), or ORIF (25607 – 25609). This initial 
query resulted in 2923 patients. We assessed their radiography, surgery and clinical 
reports for the presence of (variations or fragments of) the word ‘scapholunate’ and 
‘SL’, resulting in 654 patients. In order to make sure we would not miss patients who 
were treated for their SL diastasis but might have had miscoding of their DRF, we 
cross-matched this cohort by performing the same query based on CPT codes for 
operative or non-operative treatment of SL diastasis (25320, 25660, and 25670), 
resulting in an additional 47 patients. We then manually reviewed the radiography, 
surgery, and clinical notes of these patients from their medical charts and established 
an initial cohort of 291 patients who had a diagnosis of SL diastasis by the radiologist 
on any radiograph taken in the course of treatment of the DRF. Based on manual 
chart review, we recorded characteristics related to the patient (age, sex, obesity, 
smoking status, alcohol abuse), the injury (trauma mechanism, injured hand, open 
or closed fracture), and the diagnosis and treatment (type of treatment, time from 
injury to treatment, time from injury to radiographic diagnosis of SLI). One author 
(SÖ) measured the SL gap on the first radiograph that was reported to be positive for 
SL diastasis, which was measured from the midpoints of the opposing facets of the 
scaphoid and the lunate on the posteroanterior radiograph of the wrist. These 
measurements were for informative purposes only – inclusion in the cohort was 
based on the radiologist’s diagnosis, and not on our own measurements.  

Table 1. Overview of exclusion reasons.

Exclusion reason n

Diagnosis on CT/MRI prior to radiographic diagnosis 22
Initial treatment at other institution 13
Incomplete chart information 2
Images not retrievable from PACS 11
Lost to follow-up 1
Prior distal radius fracture same extremity (refracture) 4
Carpal fracture 15
Non-operative treatment 3
No distal radius fracture (radiographically occult fracture) 4
Perilunate dislocation 2
No clear AP radiograph for measuring SL distance 13
SL widening prior to distal radius fracture (on old radiograph) 1

Total number of exclusions 91

After excluding patients based on our exclusion criteria (Table 1), our final cohort 
consisted of 200 patients who had surgical treatment of their DRF and had  
a diagnosis of SL diastasis by the radiologist based on radiographs of the wrist 
(Figure 1). The median follow-up duration was 24 weeks (interquartile range: 15 – 
42 weeks). The mean follow-up of the patients who had treatment for their SLI was 
21 ± 9.7 weeks, whereas this was 39 ± 49 weeks for the patients who did not have 
treatment for their SLI. 

Figure 1. Flowchart of patient inclusions.
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Patient characteristics
Our study sample consisted of 148 women (74%) and 52 men (26%) and the mean 
age was 58 ± 14 years. The mechanism of injury had a low-energy origin (fall from 
standing height or less) in a majority of patients (n=159; 80%) and a high-energy 

origin (fall from height higher than standing height, motor vehicle accidents, or sports 
injuries) in 40 patients (20%). One patient (0.50%) had a fracture that was caused by 
a crush injury. Ninety percent of the patients had ORIF of their DRF. The first time SLI 
was diagnosed was on the postoperative follow-up radiographs in the majority of the 
patients: 36% (72 patients) of the SLI diagnosis were made on the first postoperative 
radiograph, and 40% (79 patients) on a later postoperative follow-up radiograph. Of 
the 49 out of 200 patients (25%) who received a diagnosis of SLI pre-operatively, 37 
patients (19%) were diagnosed on the post-reduction radiograph and 12 patients (6%) 
were diagnosed on the pre-reduction radiograph. 

Statistical analysis
We described the frequencies of dichotomous and categorical variables. Continuous 
variables with a normal distribution were reported as mean values and standard 
deviations (SD). We reported the median and interquartile range (IQR) for continuous 
variables with a nonparametric distribution. We initially planned to perform a 
bivariate analysis and a multivariable analysis in order to identify factors that are 
(independently) associated with operative treatment of surgical treatment of SL 
diastasis, but, unfortunately, this was not feasible due to the low number of patients 
who had operative treatment of their SL diastasis. 

RESULTS

Of the 2923 patients that had operative treatment of their DRF, 654 patients (22%) 
had a mention of variations or fragments of the term ‘scapholunate’ or ‘SL’ in the 
reports of their plain radiographs, including (variations of) ‘normal scapholunate 
distance’. Of these 654 patients, 200 patients (30%) had a diagnosis of SLI on their 
radiographic report, dictated by the radiologist. Seven of these patients (3.5%) had 
a clinical concern for SLI in their visit note, as written by the treating surgeon. 
Except for 1 patient whose first mention of SLI was in the operative report, all 
descriptions regarding SLI in these 7 patients were based on the radiograph report 
that was dictated by the radiologist. The mean SL-distance on the first radiograph 
indicating SLI in these 7 patients was 4.2 ± 1.5 mm (range 2.3 to 6.1 mm). Of the 
200 patients who had operative treatment of their DRF and a diagnosis of SLI, 196 
patients (98%; Table 2) had no repair of their SLI and four patients (2%; Table 3) did. 
Of the three patients who had a clinical concern of SL diastasis but no operative 
treatment for their SLI, the surgeon did not feel treatment was warranted based on 
intra-operative fluoroscopy. None of the 196 patients without operative treatment 
of their SLI have undergone a SL repair so far. Due to the low number of patients 

Table 2. Characteristics of patients with radiographical SL-diastasis, but no SL 
reconstruction (n=196).

Variable

Patient Characteristics
Age, mean ± SD, years   58 ± 14
Sex, n (%)

Men 50 (26)
Women 146 (74)

Obesity, n (%) 65 (33)
Alcohol abuse, n (%) 18 (9.2)
Smoking, n (%) 20 (10)

Trauma characteristics
High energy wrist trauma, n (%) 38 (19)
Dominant hand injured, n (%) 81 (41)
Open fracture, n (%) 10 (5.1)

Diagnosis and treatment characteristics
Days from injury to distal radius surgery, mean ± SD 9.2 ± 9.9
Days from injury to first SL+ radiograph, median (IQR) 30 (8.5 - 80)
Type of DRFx treatment, n (%)

ORIF 176 (90)
ORIF + pinning 5 (2.6)
ORIF + screws 4 (2.0)
Kirschner wire 4 (2.0)
External fixator 4 (2.0)
Screw fixation 3 (1.5)

Radiographic characteristics
Type of radiograph for first diagnosis, n (%)

Pre-reduction 11 (5.6)
Post-reduction 35 (18)
Post-op 72 (37)
Post-op follow up 78 (40)

Measured SL diastasis on first SL+ radiograph, mean ± SD, mm (%)
Pre-reduction 2.8 ± 0.62
Post-reduction 3.7 ± 1.4
Post-op 4.1 ± 1.5
Post-op follow up 3.7 ± 1.2
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who had a SL repair, a statistical analysis was not feasible and we were therefore 
unable to identify factors that were (independently) associated with SL repair. 

DISCUSSION

Radiographic diagnosis of SLI in the setting of DRFs can be challenging, even 
when combined with adequate history taking and proficient clinical assessment of 
tenderness over the dorsal aspect of the scapholunate articulation. Our aims were 
to understand and identify the incidence of radiographic diagnosis of concurrent SL 
diastasis in the setting of a DRF. We further aimed to identify how often the 
radiologist’s diagnosis was confirmed by the treating surgeon and how many of the 
patients with a concern for SLI by the radiologist received operative treatment for 

the SLI. Lastly, we aimed to identify risk factors that are (independently) associated 
with operative repair of SL diastasis in patients who were operatively treated for a 
DRF. 

This study should be interpreted in light of its strengths and limitations. First, 
our study comprises patients from two level I trauma centers and one affiliated 
community hospital in an urban city in the USA and our findings may not be applicable 
to other settings. Second, since this is a retrospective study, we relied on accurate 
recordkeeping and there may be an element of misregistration. This, however, is 
typical for retrospective chart studies and is unlikely to influence our outcomes.13 
Third, even though large database studies such as this study are an appropriate 
study design to investigate relatively uncommon events such as SL repair surgery in 
DRFs, this type of surgery was too uncommon to facilitate a statistically meaningful 
analysis of factors that may have an (independent) association with SL repair 
surgery. Lastly, while definitive criteria for diagnosis of SLI by the radiologists in 
our study were not reported in the radiology reports, we can only speculate based 
on personal communications that the cut-off value of 2 mm was utilized by the 
radiologists. The main strengths of our study comprise our large study sample and 
our manual chart-review, providing us chart-abstracted data which allows evaluation 
for clinical details rather than information based on database-coding alone. 

A: Pre-operative radiograph shows a comminuted intra-articular fracture, with widening of the 
SL-gap. B: Radiograph of the uninjured wrist demonstrates normal SL-relation.  C + D: Post-
operative radiographs showing columnar plate fixation of the DRF. The SL-relation was restored 
with a screw after SL ligament repair. 

Figure 2. A 56-year old man presented with a left DRF after a high-energy injury. 
Table 3. Characteristics of the patients who had treatment for their SL diastasis.

Characteristic

Patient with treatment for SL diastasis

Patient 1 Patient 2 Patient 3 Patient 4
Patient Characteristics

Age 52 56 64 53
Sex ♀ ♂ ♀ ♂
Reported obesity in medical chart No Yes Yes No
Reported alcohol abuse in medical chart No No No No
Reported tobacco abused in medical chart No No No No

Injury characteristics
Injured wrist Dominant Non-

dominant
Non-

dominant
Non-

dominant
Open vs closed fracture Closed Closed Closed Closed

Diagnosis and treatment characteristics
Time from injury to distal radius surgery 16 days 12 days 5 days 1 day
Time from injury to first radiograph stating 
SL diastasis

28 days 0 days 250 days* 0 days

Type of DRFx treatment ORIF ORIF ORIF ORIF

Radiographic characteristics
Type of radiograph for first diagnosis Post-

reduction
Post-

reduction
Post-op 

follow-up
Pre-

reduction
Measured SL diastasis on first SL+ radiograph 2.9 mm 5.3 mm 2.3 mm* 4.3 mm

* this patient had an intra-operatively discovered SL diastasis that was treated in the same 
procedure. The first radiograph where a radiologist mentioned a SL diastasis was 36 weeks 
post-op. 

A B C D
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Numerous studies have reported varying incidences of SLI associated with DRFs, 
based on either medical imaging or arthroscopy of the wrist.1-5,14-16 The incidence 
of specifically radiographically diagnosed SLI in patients who were operatively 
treated for DRFs seems to lie between 8.1% and 32%.2,15 Although radiographs are 
considered to be a reliable tool in diagnosing SLI,17,18 plain radiographs seem to be 
more useful for excluding rather than confirming SLI.9 

In the current study, two hundred out of 2923 patients (6.8%) who were operatively 
treated for their DRF had signs of SLI on their plain radiographs taken in the course 
treatment of the DRF (Table 2), as diagnosed by a radiologist. Surgeons mentioned 
a concern for SLI in 7 of the 200 patients (3.5%) with radiographic signs of SLI, 
as diagnosed by a radiologist. We found that of the 200 patients with a DRF and 
concern for SLI by a radiologist, only four patients (2%) received surgical repair of 
their SLI. Radiographical and clinical criteria for diagnosis of SLI have both been 
extensively described.19 Despite these well-defined criteria, radiologists diagnosed 
SLI in 200 out of 2923 patients who had ORIF of their DRF, whereas the surgeons 
treating these patients only identified four. Prior published data regarding SL surgery 
is mainly based on an arthroscopic diagnosis of SLI.1,4,5,14,20,21 Apart from institutional 
differences and a lack of consensus on the treatment of SLI,22 differences in rates 
of operative treatment of SLI may possibly be explained by different criteria for 
diagnosing SLI radiographically,23-26 differences in mean age between the study 
populations, and patient preferences. 

It must also be considered that over the last 25 years, since the first reports of SLI in 
the setting of a DRF were published, our understanding of the pathology of this injury 
has evolved. Cadaveric studies have demonstrated that for SL diastasis to occur 
several ligamentous injuries have to occur at the same time,27 and that increased 
SL-distance or altered carpal relationships do not necessarily indicate pathology.28 
Since SLI in the setting of a DRF does not always lead to carpal malalignment, not 
every SLI may need treatment. Finally, as the treatment of DRFs has predominantly 
evolved to routine volar locked plating, one has to speculate that restoration of 
anatomy of the radius is likely to have a positive influence on the carpus and its 
intercarpal relationships. More recent studies indicate that surgical repair of SLI is 
especially worthwhile in patients with (radiographic) signs of severe SLI and/or a 
high functional demand of their injured wrist.2,29  

Overall, our findings indicate that the current abilities to radiographically diagnose SLI 
effectively in the setting of a DRF are suboptimal. Based on our data, it appears that 
radiographic diagnosis of SLI is challenging and often does not seem to correspond 

with clinical concerns by the treating surgeons. Radiologists demonstrate a low 
threshold to identify these injuries while the number of SLI identified by the treating 
surgeon are a remarkably smaller number. The actual number of operative SL repair 
is only a fraction of the denominator of all DRFs. 

As the understanding of this concurrence has evolved over the last three decades, 
treatment recommendations are also evolving. We no longer recommend routine 
exploration and repair for a radiographic appearance of SLI, noted on pre-
operative films.6,7 Rather, our current treatment practice consists of zero rotation 
posteroanterior and lateral radiographs of the contralateral wrist performed at the 
initial office visit (Figure 2). If there is a difference in SL distance, then the patient 
is alerted to the possibility of this injury. They are also cautioned about the need 
for its repair and that this may be associated with some degree of permanent loss 
of wrist motion. We then fix the DRF operatively. After fixation is complete, using 
fluoroscopy, the wrist is imaged during flexion and extension as well as during 
radial and ulnar deviation. If SL relationships are restored and the scaphoid and 
lunate move as one unit, no further treatment is recommended. If there is a loss of 
the normal SL relationships in addition to an increased SL distance, then the SLI is 
operatively repaired. 
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ABSTRACT

Background Our understanding of distal radius fractures with concomitant 
scapholunate (SL) diastasis primarily comes from plain radiographs and arthroscopy. 
The clinical implications of SL-diastasis are not clear. 

Questions/purposes The aim of this study is to describe fracture characteristics of 
distal radius fractures on CT-scans in patients with distal radius fractures and static 
SL-diastasis.

Methods We queried our institutional databases to identify patients who were 
treated for a distal radius fracture, had a CT-scan with a wrist-protocol, and static 
SL-diastasis on their CT-scan. Our final cohort consisted of 26 patients. We then 
collected data on their demographics, injury, treatment, evaluated injury patterns, 
and measured radiographic SL characteristics. Our study cohort consisted of 11 
men (42%) and almost half of our cohort (n = 12; 46%) had a high-energy mechanism 
of injury. The majority of the patients (n=20; 77%) had operative treatment for their 
distal radius fracture and two patients (7.7%) had operative treatment of their SL 
injury.

Results The mean SL distance was 3.5 ± 1.1 mm. Twenty patients (77%) had an intra-
articular fracture. In these patients, we observed three patterns: (1) scaphoid facet 
impaction; (2) lunate facet impaction; and (3) no relative impaction. We observed 
other injury elements including rotation of the radial styloid relative to the lunate 
facet and partial carpal subluxations.  

Conclusions Static SL-dissociation in the setting of distal radius fractures may be 
an indication of a complex injury of the distal radius, which may not be directly 
apparent on plain radiography. If these radiographs do not demonstrate impaction 
of the lunate or scaphoid facet, a CT-scan may be warranted to have a more detailed 
view of the articular surface.

INTRODUCTION

Scapholunate interosseous ligament (SLIL) injury is common in distal radius 
fractures.1,2 It has been suggested that SLIL injury may be associated with intra-
articular distal radius fractures,2-4 high-energy shearing type fractures,5 and younger 
age. 6,7 However, it is unclear how SLIL injury influences the outcome of distal radius 
fractures.2,8-10

Cadaveric studies demonstrated that scapholunate (SL) diastasis results from injury 
to multiple ligaments rather than SLIL injury in isolation,11 and SL diastasis does 
not necessarily lead to carpal malalignment due to the role of secondary carpal 
stabilizers.12 Biomechanical evidence suggests that a tear of the SLIL accompanied 
by a tear of the secondary stabilizers such as the dorsal radiocarpal ligament, volar 
radiocarpal ligaments, or scaphotrapezial ligaments may lead to greater carpal 
instability.13,14

Fracture lines tend to occur between ligament attachment sites of the distal radius,15 
and intra-articular fractures often result in insufficiency of secondary stabilizers of 
the carpus.3 Subsequently, scapholunate diastasis in distal radius fractures may be 
related to displacement of these fracture fragments. The aim of this study is to 
describe fracture characteristics of distal radius fractures on CT-scans in patients 
with distal radius fractures and static SL-diastasis. 

METHODS

Our Institutional Review Board approved this retrospective study under protocol 
#2009P001019. To identify our cohort, we performed a coding search across two 
academic hospital systems in a single metropolitan area in the USA from 2005-
2015. We included all patients who: (1) were treated for a distal radius fracture; (2) 
had a CT-scan protocoled for the wrist; and (3) had SL-diastasis on their CT-scan. We 
identified these patients through Current Procedural Terminology (CPT) codes for 
treatment of distal radius fractures by means of closed treatment (25600 or 25605), 
external fixation (20690 or 20692), percutaneous Kirschner-wire pinning (25606), or 
ORIF (25607 – 25609). Of these patients, 1486 had a CT-scan of their wrist.

We text-searched the radiology reports of each of these scans for “scapholunate 
dissociation” or “SL dissociation” and possible variants and misspellings, which 
resulted in 226 patients. We then reviewed the medical records, radiographs, and 
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CT-scans to identify all patients who potentially had SL diastasis, resulting in an 
initial cohort of 105 patients. Exclusion criteria consisted of: (1) scaphoid protocol 
CT, as comparing measurements taken in planes that were not formatted identically 
would not be a valid comparison of SL diastasis; (2) carpal fractures, as we wanted 
to focus on the clinical scenario of a distal radius fracture with static SL dissociation, 
without having the carpal relations being altered by carpal fractures; (3) post-
treatment CT-scan; (4) an SL-gap < 2 mm; (5) non-acute fracture; (6) no fracture (7) 
CT-scan for an indication other than an acute distal radius fracture (e.g. bone tumor,); 
(8) irretrievable CT-scans; and (9) younger than 18 years old (Figure 1). Our final 
cohort consisted of 26 skeletally mature patients with a distal radius fracture and SL 
diastasis on CT scan. The mean number of days between the injury and the 
acquisition of a CT-scan was 3.8 ± 6.2 days. 

Figure 1. Overview of inclusions and exclusions.

The distance between the scaphoid and the lunate was measured on coronal views 
of the CT-scan by the first and the senior author.16 SL dissociation was defined if the 
narrowest distance between the scaphoid and the lunate bone on CT scan measured 
more than 2.0 mm on coronal views.

We used the lateral view of the pre-treatment radiographs to measure the SL  
and radiolunate angle and to assess for volar and dorsal intercarpal segmental 
instability. In one patient who was treated nonoperatively, there were no  
pre-treatment radiographs available and we, therefore, used the follow-up 
radiographs that were taken eight weeks after his injury. 

Patient Characteristics
Our cohort consisted of 11 men (42%) and 15 women (58%) who were treated by  
a total of 12 surgeons. In 12 patients (46%), the injury involved the dominant  
hand. The mean age at the time of injury was 56 ± 18 years. Twelve patients  
(46%) fractured their wrist due to a high-energy mechanism of injury (motor  
vehicle accident, fall from higher than standing height, or sports injury). All  
injuries were closed injuries (Table 1). 

Table 1. Patient-, injury-, and treatment characteristics.

All patients
(n=26)Variable

Patient characteristics
Age, mean ± SD, years 56 ± 18
Sex, n (%)

Men 11 (42)
Women 15 (58)

Obesity, n (%) 6 (23)
Alcohol abuse, n (%) 2 (7.7)
Tobacco, n (%) 1 (3.9)

Injury characteristics
High energy trauma, n (%) 12 (46)
Affected side, n (%)

Left 13 (50)
Right 13 (50)

Dominant side involved*, n (%) 12 (46)

Treatment characteristics
Operative treatment of distal radius fracture, n (%) 20 (77)
Scapholunate repair, n (%) 2 (7.7)

* data not extractable from medical charts in 5 patients
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Six patients (23%) had nonoperative treatment of their distal radius fracture. The 
remaining twenty patients (77%) underwent open reduction and plate fixation for 
their distal radius fracture. Of those, seven patients (35%) underwent dorsal plating 
and 13 patients (65%) underwent volar plating. The mean number of days from 
injury to surgery was 6.9 ± 5.3 days. Two patients (7.7%) had simultaneous operative 
treatment of their SLIL-injury (Table 1). The surgical procedures that were carried 
out for SLIL-repair were pinning and Mitek suture anchor repair, respectively. Of the 
operatively treated patients, two patients (10%) had unplanned plate removal for 
symptomatic implants, and 1 patient (5%) had revision fixation with dorsal plating 
due to fixation failure of the volar plate that was initially used. 

RESULTS

Four patients had an extra-articular fracture (15%), two patients had a partial  
articular fracture (7.7%), and 20 patients (77%) had a complete articular  
fracture (Table 2). When an articular step-off was noted, the average depth was  
2.9 ± 1.8 mm and the gap was 1.8 ± 0.9 mm. Four patients (15%) had a large  
intra-articular step-off that was not apparent on the radiographs (Figure 2).

We observed three patterns among patients with an articular fracture: (1) scaphoid 
facet impaction relative to the lunate facet (n=7; figure 2); (2) lunate facet  
impaction relative to the scaphoid facet (n=1; figure 3); and (3) no impaction of  
one facet relative to the other (n=14; table 3). Fourteen patients had no relative 
impaction, meaning that either the scaphoid facet and the lunate facet were 
impacted as a whole (n=3) or that both the scaphoid facet and the lunate facet  
were not impacted at all (n=11). Of the seven patients with scaphoid facet  
impaction but no lunate facet impaction, three patients had a pronated radial 
styloid fragment, one had a supinated fragment, and two had a comminuted 
or split radial styloid fragment. Of the three patients with scaphoid facet and  
lunate facet impaction as a whole, the radial styloid fragment did not have an 
appreciable rotation in one patient, was supinated in the other, and was split or 
comminuted in the third patient (table 4). 

The mean SL distance on the CT-scan was 3.5 ± 1.1 mm. The mean SL angle 
on plain radiographs was 62 ± 13°, and the mean radiolunate angle was 6.5 ± 
12°. In complete articular fractures, we observed partial carpal subluxations 
where the lunate subluxated volarly with the facet, while the scaphoid remained 

associated with the radial styloid fragment (Figure 3). Partial dorsal and volar  
carpal subluxations were apparent in five (19%) and four (15%) patients,  
respectively (table 5). 

Figure 2. A 31-year old man with a partially articular left distal radius fracture due to 
a motor vehicle accident, which was treated with ORIF. The pre-operative SL-gap was 
7.1 mm. The presented injury could represent either an impaction fracture or a greater 
arc-variant.

 

A + B: Post-reduction PA- and lateral views of the plain radiographs. An articular step-off is not 
immediately apparent, while the coronal view of the CT-scan demonstrates an intra-articular step-
off. C: Coronal view of the pre-operative CT-scan demonstrated impaction of the scaphoid facet. 
D: Sagittal view illustrating a dorsal intercarpal segmental instability. the capitate has remained 
associated with the scaphoid, as it subluxates from the lunate. E: Sagittal view illustrating 
subluxation of the scaphoid from the scaphoid fossa.

A C D EB

Table 2. Fracture characteristics.

All patients

Variable (n=26)
Fracture type, n (%)

A 4 (15)
B 2 (7.7)
C 20 (77)

Scapholunate gap, mean ± SD, mm 3.5 ± 1.1
Articular gap, mean ± SD, mm 2.9 ± 1.8
Articular step, mean ± SD, mm 1.8 ± 0.93
Scapholunate angle, ° 62 ± 13
Radiolunate angle, ° 6.5 ± 12
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Figure 3. A 52-year old woman who sustained a left multi-fragmented intra-articular 
distal radius fracture during sports activities, which was treated with ORIF. The pre-
operative SL-gap was 2.7 mm.

A: Coronal view of the pre-operative CT-scan demonstrated impaction of the lunate facet. 
B: Sagittal view, demonstrating the lunate has remained associated with the lunate facet, 
subluxating volarly. C: Sagittal view, the scaphoid is subluxating from the scaphoid facet/radial 
styloid, dorsally.  

There were three patients (14%) with a dorsal intercarpal segmental instability 
posture of the carpus (DISI; Figure 2). Of the three patients with DISI which was 
defined as the combination of a non-collinear axis of the capitate and dorsal tilt 
of the lunate, one patient (33%) had no radial styloid fragment but dorsal carpal 
subluxation, one (33%) had an unimpacted radial styloid fragment with dorsal carpal 

subluxation, and one patient had an impacted radial styloid fragment without a 
subluxation of the carpus. No patients with a volar intercarpal segmental instability 
posture were observed.

Table 4. Radial styloid fragment characteristics in patients with scaphoid facet 
impaction.

Pattern n

Scaphoid facet impaction without lunate facet impaction

No rotation of radial styloid fragment 1

Pronated radial styloid fragment 3

Supinated radial styloid fragment 1

Comminuted or split radial styloid fragment 2

Scaphoid facet and lunate facet impacted as a whole

No rotation of radial styloid fragment 1

Supinated radial styloid fragment 1

Split or comminuted radial styloid fragment 1

Table 5. Appreciation of partial carpal subluxations.

Pattern n

Scaphoid facet impaction without lunate facet impaction

Volar subluxation 2

Lunate facet impaction without scaphoid facet impaction

Dorsal subluxation 1

No impaction of scaphoid or lunate facet relative to each other

Scaphoid facet and lunate facet impacted as a whole

Dorsal subluxation 2

Volar subluxation 1

Both scaphoid and lunate facet not impacted

Dorsal subluxation 2

Volar subluxation 1

A B C

Table 3. Three fracture patterns of 22 fractures with (partial) articular involvement.

Pattern n (%)

Scaphoid facet impaction without lunate facet impaction 7 (27)

Lunate facet impaction without scaphoid facet impaction 1 (3.9)

Complete articular, but no impaction of scaphoid or lunate relative to each other 14 (54)
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DISCUSSION

We analyzed 26 CT scans of patients with distal radius fractures and SL diastasis. 
In 30% of intra-articular fractures, there was a large intra-articular step-off present. 
Partial subluxations of the carpus were observed in nine cases: five patients (19%) 
had dorsal subluxation and four patients (15%) had volar subluxation.

The primary limitation of this study is its descriptive nature. We did not seek to 
obtain clinical outcomes post-surgery, and this study is aimed to characterize only 
radiographic data. We began with a large retrospective cohort of CT scans of distal 
radius fractures and narrowed this cohort to identify unambiguous cases of distal 
radius fractures with SL dissociation. We eliminated cases using very strict inclusion 
criteria, but felt that in this type of descriptive study, we could only find meaningful 
results if the included data was strictly selected. We likely excluded several cases 
of actual distal radius fracture with SL dissociation who underwent a scaphoid 
protocol CT scan, but we felt that it would be difficult to quantify SL diastasis and 
articular step-offs in a standardized manner using these views. Second, our data 
do not provide insights into the incidence of SLIL injury, as we do not know how 
many patients had a distal radius fracture with SL diastasis who did not undergo a 
CT scan. But although we had a small cohort of patients, we were able to capture 
accurate data from an uncommon injury pattern from the catchment of two level I 
academic medical centers in a large metropolitan area over the course of 10 years. 

It is also important to recognize that all of these cases were SLIL injuries with 
static dissociation. We did not aim to study cases with dynamic instability, and 
these results cannot be extrapolated to those situations. Although the pattern 
of injury was interpreted by two observers, quantitative measurements were 
performed to mitigate bias or subjective interpretation. It is difficult for surgeons 
to determine what constitutes SL diastasis radiographically in the setting of distal 
radius fracture. Gradl et al. found a positive predictive value of 68% and a negative 
predictive value of 84% when surgeons used radiographs to diagnose SL diastasis 
in the setting of an AO type C distal radius fracture versus the reference standard 
of a CT arthrogram.17 CT scanning without arthrography has been studied as an 
alternative means of diagnosing SL dissociation.16 We did not have contralateral 
radiographs in most cases and were not able to make any comment on the presence 
of natural variation of SL diastasis.12 Adequate acquisition and interpretation of 
three-dimensional visualization of intercarpal relationships in the setting of distal 
radius fracture is difficult.

Our findings are important because it indicates that in patients with static  
SL dissociation, a large intra-articular step off may not be sufficiently appreciable 
on radiographs (Figure 2). When assessing these fractures on CT-scans, the radial 
styloid was frequently rotated, leaving a larger step-off dorsally or volarly. The 
degree of step-off may be underestimated on plain radiographs because the viewer 
will generally see the contrast between the higher joint surface and the radiolucent 
soft tissues. 

Geissler and colleagues described their experience with arthroscopic assisted distal 
radius internal fixation and found that the patients with intercarpal soft tissue injuries 
generally had an AO C-type fracture of the distal radius.1,18 Arthroscopic studies by 
Fontes et al. also suggest that radial styloid process fractures or complete articular 
fractures are associated with SLIL injury.19 Our findings are an extension of these 
previous studies: static SL diastasis is generally interpreted as a more severe injury 
to the SLIL. It follows that distal radius fractures with large step-offs would be 
anticipated when a larger SLIL is present.9 

Traditionally, SL dissociation has been conceptualized as part of a perilunate injury, 
and SL injury in the setting of a distal radius fracture has been seen as a greater arc 
perilunate injury.20 However, Mudgal and Hastings suggest that some cases of SL 
dissociation in the setting of distal radius fracture occur due to other mechanisms 
such as the impaction of the carpus on the radius.3 It is likely that in these cases the 
SL injury and the insufficiency of secondary stabilizers such as the dorsal radiocarpal 
ligament or the volar extrinsic ligaments lead to static SL dissociation. Bain et al. 
have demonstrated that fractures generally occur between the attachment sites 
of the extrinsic ligaments.15 It is likely that in most cases where the scapholunate 
ligament has been injured, there is a limited residual carpal instability because  
the bony attachment of these secondary stabilizers heals.

However, in study of the CT scans, we observed complex articular injury  
patterns. We observed partial carpal subluxations where the lunate facet or the 
scaphoid facet was subluxated volarly or dorsally while the other facet was not. We 
also observed a variety of injury patterns where the radial styloid was malrotated 
and there were some cases with an acute DISI posture. Volar plate fixation without 
specific attention to styloid rotation may result in malreduction of the styloid in 
these cases despite apparently radiographically acceptable parameters. 
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Overall, our data suggest that static SL dissociation in the setting of a distal  
radius fracture may indicate a more complex injury to intra-articular distal radius 
fractures than may be apparent on plain radiographs. In patients with static 
SL dissociation and a distal radius fracture, CT scanning may provide valuable 
information about fracture elements and may reveal that the scaphoid facet  
and lunate facet may be substantially displaced and malrotated relative to  
one another. When this occurs, careful reduction may be needed to restore  
anatomic relationships of the articular surface as well as the carpus. 
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ABSTRACT

Background Current biomechanical data suggests that static scapholunate ligament 
(SL) dissociation occurs only when there is loss of competence of the extrinsic 
ligaments either acutely or with attenuation over time.

Questions/purposes We aimed to identify whether patients with a scapholunate gap 
> 2mm demonstrated concomitant DRC and DIC ligament changes on MRIs that 
were identified as having a scapholunate ligament tear.

Methods We included 90 patients who had a post-traumatic MRI-scan of their wrist 
diagnosed with a SL injury. We recorded basic demographics, and two attending 
fellowship-trained musculoskeletal radiologists evaluated the integrity of the SL-, 
DRC-, and DIC ligaments and graded these normal, low-grade injury (sprain or partial 
tear), or full-thickness tear. The association between the integrity of the DRC- and 
DIC-ligaments and the presence of a scapholunate gap ≥ 2mm was analyzed.

Results Forty-eight patients (53%) had an SL-distance ≥ 2mm on MRI. Of these 48 
patients, 28 (58%) had a partial or total tear of their DIC and/or DRC ligaments. 
Compared to patients with an SL interval < 2mm, patients with an SL interval ≥ 2mm 
more often demonstrated DIC signal change (31% vs 12%), DRC signal change (52% 
vs 14%), or combined or isolated DIC- and/or DRC signal change (58% vs 21%). 

Conclusions Dorsal extrinsic ligaments demonstrate MRI signal change suggestive 
of acute or chronic injury in patients with an SL interval ≥ 2mm than in patients with 
an SL interval < 2mm. These results reinforce that the MRI findings of “scapholunate 
ligament tear” needs to be interpreted in a larger context, perhaps with additional 
attention to the DIC and DRC appearance on MRI. In addition, MRI evaluation of the 
dorsal extrinsic ligaments may aid in the clinical decision making for patients with 
SL-injury.

INTRODUCTION

Scapholunate (SL) disorders encompass a wide spectrum of injuries, ranging from 
sprains of the SL ligament with preservation of carpal relationships and kinematics 
to diastasis of the scaphoid and the lunate with disruption of wrist mechanics. 

Our understanding of SL injury primarily comes from in vitro studies. Various 
authors describe the SL ligament as a primary stabilizer of the wrist and describe 
secondary stabilizers which include the long radiolunate ligament, short radiolunate 
ligament, the radioscaphocapitate ligament, scaphotrapeziotrapezoid ligament, 
dorsal radiocarpal ligament (DRC), and dorsal intercarpal ligament (DIC).1-3 There is 
limited data on MRI imaging and secondary SL stabilizers. Adler et al. reported that 
in 8 patients with SL dissociation, there was injury to the secondary stabilizers.4 

Mitsuyashu et al. suggest that the DIC has an important role in carpal stability in 
the setting of SL injury, and insufficiency leads to static SL diastasis.5 Lee et al 
also found that Grade 4 Geissler injury only occurred after sectioning of the dorsal 
extrinsic ligaments.6 These studies suggest that static SL dissociation occurs when 
both the SL and dorsal extrinsic ligaments are insufficient. From this background, 
we postulated that in patients with SL injury, patients with static SL diastasis would 
have a higher prevalence of MRI evidence of dorsal extrinsic ligament signal change 
suggesting acute injury or chronic attenuation.

We tested the primary null hypothesis that there is no association between DIC 
ligament signal change and an SL distance ≥ 2mm on MRI. Our secondary null 
hypothesis is that there is no association between DRC ligament signal change and 
an SL distance ≥ 2mm on MRI. In addition, we test the null hypothesis that there is 
no association between the presence of DRC and/or DIC ligament signal change and 
an SL distance ≥ 2mm on MRI. Lastly, we aimed to report the prevalence of DIC and 
DRC ligament injury in patients with SL gap ≥ 2mm on MRI. 

METHODS

Study design
Our institutional review board approved the protocol of this study. We queried a 
multi-institutional Research Patient Data Registry containing all encounters from 3 
hospitals in a single city in the United States of America between 2002 and 2015: 
2 level I trauma centers and 1 community hospital affiliated with a level I trauma 
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center. We performed a retrospective search of the database to identify skeletally 
mature patients who underwent an MRI scan of the wrist after either acute or 
distant trauma, and who were diagnosed with a SL ligament injury based on the 
MRI. Exclusion criteria included absence of clinical history of trauma; patients with 
concomitant fractures; and irretrievable or suboptimal MR examinations (incomplete 
study, artifact-degraded, or too large field-of-view). 

Sample size calculation and creation of cohort
We performed a pilot study with 31 MRIs to determine the required sample size 
a priori. In the pilot study, we found that the proportions of DIC signal change in 
patients with and without static SL diastasis on MRI scan were 0.6 (9 out of 15) 
and 0.25 (4 out of 16), respectively. We determined that we would need to include at 
least 37 patients in each group to detect a difference in proportions of 0.35 between 
these groups. To account for unexpected exclusions (finding inflammatory arthritis 
on review of MRI or miscoding), we decided to add 20% to the required 74 patients, 
and then rounded this up to a total of 90 inclusions. 

To assemble the cohort, we reviewed all MRIs beginning at January 2002 until 
reaching 90 inclusions. Overall, we reviewed 142 records and excluded 15 patients 
due to irretrievable MRI scans, 4 patients with suboptimal MRI scans and 33 patients 
who had an indication for the MRI scan other than post-trauma (e.g. inflammatory 
arthritis, septic arthritis, neuropathies, etc.).

Demographic characteristics of study cohort
We recorded basic demographic data (age at time of MRI, sex, and involvement of 
the dominant side). The median age at the time of scan of our final study cohort was 
51 years (IQR 39 – 60 years). The study cohort consisted of 55 men (61%) and 35 
women (39%). Half of the patients had a scan of their dominant wrist. Forty-eight 
patients (53%) had an SL gap ≥ 2mm on the MRI-scan (Table 1). Patients with an SL 
gap ≥ 2mm on MRI scans were older than patients without (median age 52 vs 42 
years, p < 0.05, Table 1).

MRI studies
All MR examinations were performed on a 1.0, 1.5 or 3.0 Tesla scanner with a 
phased array dedicated coil. We only used MRI scanners that were deemed to be 
diagnostically adequate in this study. The scanning protocol for the majority of cases 
included the following sequences, noting that there was some variation in scanning 
protocols between institutions included in the database: coronal T1-weighted 
sequence; coronal T2-weighted sequence; sagittal proton density weighted fat-

saturated sequence; coronal gradient echo sequence; axial proton density weighted 
sequence; and axial T2-weighted fat-saturated sequences. No intra-articular 
gadolinium was utilized in any of the exams. The field strength of the MR scanners 
used did not affect the incidence of static SL dissociation in this study (Table 1).  

Two attending fellowship-trained musculoskeletal radiologists (AK, WEP) reviewed 
the MRI scans on a picture archiving and communications system and evaluated 
the wrist for SL widening, and evaluated the integrity of the SL ligament, dorsal 
intercarpal ligament, and dorsal radiocarpal ligament by consensus. They measured 
the SL distance – the smallest interval between the scaphoid and lunate on coronal 
images. A SL distance of 2mm or more and SL ligament injury was considered 
potential evidence of static SL dissociation (Figure 1). DIC and DRC ligament 
integrity was graded as normal (Figure 2) or as having evidence of injury (sprain or 
partial tear; Figure 3, 4), or full-thickness tear (Figure 5,6). SL ligament integrity was 
graded as normal or injured (sprain, partial tear, or full-thickness tear of 1 bundle, 
or full-thickness tear involving at least 2 bundles; Figure 1). MRI findings of sprain 
included intrasubstance signal alteration and/or peri-ligamentous edema. Either 

Table 1. Patient characteristics and factors associated with static SL diastasis on 
MRI scan.

Static SL Diastasis
All patients No Yes

Variable (n=90) (n=42) (n=48) P
Age at time of MRI, median (IQR)   51 (39 - 60) 42 (29 - 58) 52 (46 - 63) <0.051

Sex, n (%) 0.532

Men 55 (61) 19 (45) 36 (75)
Women 35 (39) 23 (55) 12 (25)

Dominant side involved*, n (%) 45 (50) 21 (50) 24 (50) 0.352

DIC ligament integrity on MRI, n (%) <0.052

Normal 70 (78) 37 (88) 33 (69)
Injured 20 (22) 5 (12) 15 (31)

DRC ligament integrity on MRI, n (%) <0.052

Normal 59 (66) 36 (86) 23 (48)
Injured 31 (34) 6 (14) 25 (52)

DRC and/or DIC integrity on MRI, n (%) <0.052

Normal 53 (59) 33 (79) 20 (42)
Injured 37 (41) 9 (21) 28 (58)

1 Wilcoxon Rank Sum;  
2 Fisher’s exact test 
* not reported in the medical charts of 18 patients
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finding suggested injury to a ligament. MRI findings of partial tear included either 
focal instrasubstance fluid signal or partial discontinuity of fibers.  MRI findings of 
full-thickness tear included complete discontinuity of fibers.   

Statistical analysis
We described the frequencies of dichotomous and categorical variables. We planned 
to report continuous variables with a normal distribution as mean values and 
standard deviations (SD) and continuous variables with a nonparametric distribution 
as the median and interquartile range (IQR). Depending on normality, we used the 
two-sample t-test with equal variances or the Wilcoxon rank sum test to study the 
association between age and static SL diastasis. We used the Fisher exact test for 
the association between static SL diastasis and sex, involvement of the dominant 
side, DIC ligament integrity, and DRC ligament integrity.

RESULTS

Of the 90 patients we assessed, 48 patients (53%) had an SL-distance of 2mm or 
greater on MRI. Of these 48 patients, 28 (58%) had a partial or total tear of their DIC 
and/or DRC (Table 1). 

Bivariate analysis showed that patients with SL gap ≥ 2mm had DIC ligament signal 
change on MRI scan more often than patients without an SL gap ≥ 2mm (31% vs 
12%; Table 1). This was also the case for the DRC ligament: compared to patients 
without an SL gap ≥ 2mm, a larger proportion of patients with SL diastasis had 
signal change of their DRC ligament (52% vs 14%; Table 1). When we combined 
these groups, we found that patients who had a (low-grade) injury of the DIC and/
or the DRC ligament were more likely to have a SL gap of ≥ 2mm on MRI scan than 
patients who had an SL gap < 2mm (58% vs 21%; Table 1).

Figure 1. Coronal gradient sequence shows disruption of the central component of 
the scapholunate ligament with widening of the interval (asterisk). The volar bundle 
was also torn in this patient (not shown in this image).

Figure 2. Sagittal proton density fat-saturated sequences (2a and 2b) show the 
normal hypointense appearance of the dorsal intercarpal ligament (arrow) and the 
dorsal radiocarpal ligament (asterisk). There is no edema within the adjacent soft 
tissues. Coronal T2-weighted fat-saturated sequence shows the dorsal intercarpal 
ligament (arrow) and dorsal radiocarpal ligament (asterisk) in long axis (2c). R = radius;  
S = scaphoid; C = capitate; L = lunate; U = ulna
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DISCUSSION 

Conceptually, SL dissociation occurs when there is an acute injury of the scapholunate 
ligament accompanied by other soft tissue injuries varying from volar extrinsic to 
dorsal extrinsic ligament injury acutely or gradual attenuation of secondary stabilizers 
over time.  We do not have a complete understanding of this injury. 

We reviewed a set of MRIs where signal change in the scapholunate ligament was 
interpreted as a tear. We found that signal change of the dorsal extrinsic ligaments 
was significantly more frequent in patients with an SL gap ≥ 2mm as compared to 
those with a gap < 2mm. About two thirds of patients with SL diastasis had signal 
change in the DRC and/or DIC. 

Evaluation of the extrinsic ligament injury is not well defined. Prior studies consist of 
describing the MRI characteristics of intact ligaments in cadaveric specimens,7 and a 
comparative study consisting of 8 patients with extrinsic ligament injury.4 It is important 
to note that it is felt among musculoskeletal radiologists that the extrinsic ligaments 
are easily identified,8,9 but there is limited literature describing injury of these specific 
ligaments. That being said, these ligaments can be evaluated on MRI in the same way as 
ligaments elsewhere in the body, by looking for presence of fiber continuity, evaluating 
intrinsic signal, and looking for periligamentous edema. 

Although the literature is limited, there is some precedent in examining extrinsic wrist 
ligament injury. Taneja et al studied the prevalence of extrinsic and intrinsic ligament 
injuries as well as osseous injuries in patients with acute wrist trauma who underwent 

Figure 3. Sagittal proton density fat-
saturated sequence shows partial 
discontinuity of the dorsal intercarpal 
ligament with surrounding soft tissue 
edema (arrow), in keeping with a partial 
tear. There is mild periligamentous 
edema. The dorsal radiocarpal ligament 
is normal (asterisk), again noting the 
normal hypointense signal.  

Figure 4. Sagittal proton density fat-
saturated sequence shows partial 
discontinuity of the dorsal intercarpal 
ligament (arrow) and dorsal radiocarpal 
ligament (asterisk) with periligamentous 
edema and laxity of the residual fibers, 
in keeping with high-grade partial tears.  

Figure 5. Sagittal proton density fat-
saturated sequence shows complete 
discontinuity of the dorsal radiocarpal 
ligament with surrounding soft tissue 
edema (asterisk), in keeping with a full-
thickness tear. Periligamentous edema 
is also noted around the intact dorsal 
intercarpal ligament (arrow), in keeping 
with a sprain.

Figure 6.  Sagittal proton fat-saturated 
density sequence shows complete 
discontinuity of the dorsal intercarpal 
(black asterisk) and dorsal radiocarpal 
(white asterisk) ligaments, in keeping 
with full-thickness tears.
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MRI, using a consensus evaluation by two musculoskeletal radiologists.10 Similar to that 
study, we had two experienced musculoskeletal fellowship-trained attending radiologists 
interpreting the MRI scans. They discussed each case together to determine the 
integrity of the ligament. This approach improves the accuracy of diagnosis; however, 
the generalizability of this approach is limited and further investigations of the intra- and 
inter-observer variability of extrinsic ligament injury would be worthwhile in the future. 
Because the radiologists were aware of the study question and were not blinded, this 
could result in over-diagnosis of DIC/DRC ligament injury in patients with SL gaps ≥ 2 
mm. Unfortunately, in any study looking at the DIC/DRC, it is probably not possible to 
completely avoid bias as the SL interval can be seen in any evaluation of these extrinsic 
ligaments. On the other hand, the heterogeneity of magnet strengths and coil quality 
among the institutions may have also led to under diagnosis of DIC/DRC ligament injury 
in some cases.

We used a cutoff value of 2mm for inclusion. The range in the literature varies from 
2 – 4 mm depending on the imaging modality used.11-14 We chose this cutoff value 
because we felt this would be a reasonable cutoff to identify pathology because it would 
reasonably correlate to a patient with a 4mm diastasis on radiographs. Also, from a 
practical standpoint, patients with a larger diastasis do not always undergo MRI scans 
because the diagnosis is obvious. In addition, cutoffs on plain films assume that there is 
cartilage between the surfaces that are radiopaque, whereas on MRI the space between 
the cartilage is measured. 

We have no information on the actual wrist position during the MRI scans. It is likely 
that there was a small degree of variation in rotation and radioulnar deviation of the 
scanned wrists, which could influence the assessment of ligamentous injury. In addition, 
coronal cuts are not consistent among patients and this variation may affect measured 
distances. Due to the retrospective nature of this study, we cannot correct for this. 
However, we did not encounter any scans with grossly abnormal wrist positions and the 
MRI’s in our institutions are all performed following standardized scanning protocols.   

Finally, it is important to place the study design into context. We did not identify a series 
of patients who were clinically suspected to have a scapholunate dissociation. Rather, 
our study cohort consists of MRIs from patients who had wrist symptoms and a history 
of a traumatic injury that led to advanced imaging and were found to have signal change 
in the scapholunate ligament that was interpreted as a tear. These patients may have 
had recent injury, distant injury, an acute on chronic injury, degenerative change in the 
scapholunate ligament, and false positive readings. In addition, some patients may have 
had pain that was not related to the SL ligament tear. From a larger perspective, we 

examined whether evaluation of secondary structures, the dorsal intercarpal ligament 
or the dorsal radiocarpal ligament, can provide information that can help us further 
understand the finding of a “scapholunate ligament tear” on MRI. 

The finding that dorsal extrinsic ligament signal change was significantly more common 
in patients with SL gap ≥ 2mm is consistent with the majority of prior in vitro work. 
Mitsuyasu et al described that sectioning of both the SL and release of the DIC from the 
scaphoid led to SL diastasis.5 Lee et al. found that Grade IV Geissler injury occurred only 
after sectioning of the scapholunate ligament and dorsal extrinsic ligaments.6 

Dorsal intercarpal or DRC signal changes could result from the initial injury or could 
reflect secondary changes and attenuation after injury of the SL ligament. Patterson 
et al. found that once the SL ligament was sectioned, other ligaments about the 
wrist elongated with simulated wrist flexion.15 Short et al. demonstrated that isolated 
sectioning of only the dorsal extrinsic ligaments did not alter SL kinematics; however, 
sequential sectioning of the DIC and DRC followed by the SL ligament resulted in 
kinematic abnormalities.2 Although acute injury may initially demonstrate increased 
edema on fluid sensitive sequences, many of the MRIs in our study were likely obtained 
after these acute changes resolved. The MRI data would not able to discriminate an 
order of injury for specific cases.   

Our findings may have clinical implications for techniques using the DIC ligament for 
capsulodesis.16-19 Long-term clinical outcomes of DIC capsulodesis yield reasonable 
clinical results; however, radiographic collapse and late osteoarthrosis are common.17 
It is unclear how the integrity of the DIC affects these reconstructions and it may be 
reasonable to assess the integrity of the DIC using MR imaging for surgical decision 
making. If the DIC is structurally compromised, a tenodesis procedure may be preferable. 

Clinical symptoms of scapholunate ligament injury are often ambiguous, sometimes 
presenting with vague wrist pain and equivocal exam findings such as pain with 
Watson’s maneuver. When an MRI is obtained, the finding of scapholunate tear may still 
be difficult to interpret. The presence of DIC and DRC signal change may be helpful in 
contextualizing scapholunate ligament tears seen on MRI. We found MRI signal changes 
in the dorsal extrinsic ligament were more frequent in patients with a SL gap ≥ 2mm. 
It would be beneficial to study in the future whether this constellation of findings — SL 
injury; DIC and DRC signal change; and SL gap ≥ 2mm – is correlated to reproducible 
clinical exam findings such as diminished grip strength on Jamar Dynamometry.
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ABSTRACT

Background A lack of conclusive evidence on the treatment of Acute Median 
Neuropathy (AMN) in patients with distal radius fractures has led to inconsistent 
surgical guidelines and recommendations regarding AMN in distal radius fractures. 
There is a wide variation in surgical decision making. 

Questions/purposes We aimed to evaluate international differences between surgical 
considerations and practices related to carpal tunnel release in the setting of distal 
radius fractures.

Methods We approached surgeons who were a member of the Orthopaedic Trauma 
Association (USA) or of the Dutch Trauma Society (the Netherlands) and asked them 
to provide sociodemographic information and information on their surgical practice 
regarding carpal tunnel release in the setting of distal radius fractures. After applying 
our exclusion criteria, our final cohort consisted of 127 respondents. 

Results Compared to Dutch surgeons, surgeons from the USA are more of the opinion 
that displaced distal radius fractures are at risk of developing acute carpal tunnel 
syndrome (ACTS), consider persistent paresthesia in the median nerve distribution 
after closed reduction to be a surgical emergency less often, and are more likely to 
perform a CTR if there are signs of ACTS in the setting of a distal radius fracture.

Conclusions A lack of conclusive evidence has led to international differences in 
surgical practice regarding the treatment of ACTS in the setting of distal radius 
fractures. Future research should guide surgeons in making appropriate evidence-
based decisions when performing CTR in the setting of distal radius fractures.

INTRODUCTION

Acute Median Neuropathy (AMN) is a well-acknowledged condition occurring in the 
setting of distal radius fractures, with reported incidence rates varying from 0.2% 
to 21.3%.1 Although often interpreted as carpal tunnel syndrome (CTS), median 
neuropathy after distal radius fractures can be the consequence of a variety of 
diagnosis such as compartment syndrome, or more direct compression of the 
median nerve by bone fragments, local edema or hematoma.2-4 Clinical examination 
is a valuable tool in differentiating between nerve contusion and progressive median 
neurapraxia after a distal radius fracture: normal median nerve examination with 
progressive loss of two-point discrimination is an indication for acute carpal tunnel 
syndrome (ACTS), whereas nerve contusions are characterized by non-progressive 
dysesthesia.1 Nevertheless, one must bear in mind that the median neuropathy may 
be pre-existing to the trauma and that diagnostic criteria of different causes of AMN 
may overlap.5 Lateral radiographs demonstrating fracture translation at the carpal 
tunnel region may increase the clinician’s index of suspicion for ACTS.6 Patients with 
progressive median nerve symptoms due to increased pressure in the carpal tunnel 
benefit from urgent decompression of the carpal tunnel2, but if the compression 
is proximal to the carpal tunnel, a proximal exploration and release of the median 
nerve may be more appropriate.3 Concurrent carpal tunnel release (CTR) may not 
always be beneficial for wrist trauma patients if there are no signs of progressive 
median nerve dysfunction.7-9 Multiple case series have shown that delayed CTR may 
lead to irrevocable loss of median nerve function10-12, but consensus regarding the 
recommended timeframe and indications for CTR in the setting of ACTS in distal 
radius fractures has yet to be established.13 The combination of a lack of a reference 
standard for correctly diagnosing the type of median nerve pathology in the setting 
of distal radius fractures and the shortcomings of the current evidence regarding 
traumatic median neuropathy, make AMN in patients with distal radius fractures a 
challenging problem for surgeons who treat such fractures.4 This lack of conclusive 
evidence regarding the treatment of median nerve dysfunction in the setting of 
distal radius fractures has led to differences in both local and international surgical 
guidelines regarding management of AMN in distal radius fractures. For example, the 
distal radius fracture guideline of the American Academy of Orthopaedic Surgeons 
(AAOS) states that there are no qualified studies to address any recommendation 
either for or against nerve decompression surgery in patients with a distal radius 
fracture who are experiencing postreduction median nerve dysfunction, and the 
Dutch Surgical Society (DSS) does not mention median nerve complaints in their 
distal radius fracture guideline at all.14,15
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In light of these differences, the purpose of this study was to evaluate differences 
between surgical considerations and practices related to CTR in the setting of distal 
radius fractures. A better understanding of practice variation regarding the role 
of CTR during ORIF of distal radius fractures may aid in the clinical guidance for 
decision-making in the setting of AMN in distal radius fractures.

We tested the primary null hypothesis that there are no differences in the risk 
assessment of fracture displacement on the development of acute carpal tunnel 
syndrome in patients with a distal radius fracture between surgeons from the 
Netherlands and surgeons from the United States of America (USA).

Furthermore, in comparing these two sets of surgeons, we tested the secondary null 
hypotheses that there are no differences in: 

1. The risk assessment of fracture displacement on the development of median 
nerve paresthesias after closed reduction of the distal radius fracture.

2. Surgical practice or risk assessment regarding CTR in the setting of distal 
radius fractures.

3. Patient-, injury-, median nerve assessment-, or logistics-related considerations 
influencing the likeliness of CTR in the setting of distal radius fractures. 

4. The likelihood of receiving a CTR at the time of distal radius Open Reduction 
and Internal Fixation (ORIF).

METHODS

Study design
Our Institutional Review Board determined that this study met the criteria for 
exemption. We then approached eligible surgeons for participation in this cross-
sectional study from October 2016 to January 2017. We distributed our survey 
questionnaire (Appendix A) to: 1. active members of the Orthopaedic Trauma 
Association (OTA) on the research section of their website (http://ota.org.research/
surveys) and by distributing a QR-code linked to the survey at the 32nd annual OTA 
meeting (n = 637), 2. members of the Dutch Trauma Society (DTS) who were 
approached by e-mail (n = 540), and 3. physicians attending the 44th annual meeting 
of the New England Hand Society (NEHS), who were presented a paper version of 
the questionnaire (n = 82). Our inclusion criteria were: 1. medical practice in the USA 
or in the Netherlands, and 2. practicing orthopaedic surgeon, trauma surgeon, or 
hand and wrist surgeon. Ninety-four participants responded through the OTA (15%), 

29 participants responded to the e-mail received from the DTS (5.4%), and 23 
participants filled out the survey at the NEHS annual meeting (28%). After excluding 
9 participants (6.2%) who didn’t complete the survey, 9 (6.2%) participants who were 
not from the Netherlands or the USA, and 1 participant (0.68%) who was a 
rehabilitation specialist and not a surgeon, our final cohort consisted of 127 
respondents. 

Table 1. Characteristics of the participating surgeons.

Characteristic
All surgeons

(n=127)

Country

NL (n=26) USA (n=101) P
Age, mean ± SD, years  50 ± 11 46 ± 7.9 52 ± 11 0.00911

Sex, n (%) 0.432

Men 117 (92) 23 (88) 94 (93)
Women 10 (7.9) 3 (12) 7 (6.9)

Residency in same country as medical 
practice, n (%)

124 (98) 25 (96) 99 (98) 0.502

Type of institution, n (%) 0.0012

Level I trauma center 54 (43) 13 (50) 41 (41)
Community hospital/non-level I 
trauma center

39 (31) 13 (50) 26 (26)

Private practice 29 (23) 0 (0.0) 29 (29)
>1 type of institution 5 (3.9) 0 (0.0) 5 (5.0)

Employment status, n (%) >0.992

Full time 118 (93) 24 (92) 94 (93)
Part time 5 (3.9) 1 (3.9) 4 (4.0)
Retired 4 (3.2) 1 (3.9) 3 (3.0)

Position, n (%) 0.572

Surgeon 125 (98) 25 (96) 100 (99)
Fellow 1 (0.79) 0 (0.0) 1 (0.99)
Other 1 (0.79) 1 (3.9) 0 (0.0)

Supervising surgeon, n (%) 87 (69) 22 (85) 65 (64) 0.0592

Specialty, n (%) <0.0012

General Orthopaedic Surgery 9 (7.1) 0 (0.0) 9 (8.9)
Orthopaedic Traumatology 45 (35) 23 (88) 22 (22)
Hand and Wrist Surgery 73 (57) 3 (12) 70 (69)

Years in practice since board 
certification, mean ± SD  

16 ± 11 11 ± 7.5 18 ± 11 0.00331

1 Student T-test 
2 Fisher’s exact test
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Questionnaire and likelihood of receiving a CTR during distal radius 
ORIF
Participants provided socio-demographic information and completed our online 
questionnaires by using REDCap (Research Electronic Data Capture) data 
management software,16 assessing their surgical practice regarding carpal tunnel 
release in the setting of distal radius fractures. The socio-demographic variables 
consisted of age, sex, years in practice since board-qualification, country and region 
where residency training was completed, country of practice, position, supervising 
surgeon or not, surgical specialty, and work status. 

The questionnaire that we utilized was constructed by the senior authors who 
together have over 40 years of cumulative surgical experience, and was based on 
their observations, questions, clinical experiences, and expert discussions related to 
median neuropathy in the setting of fractures of the distal radius. More specifically, 
the survey is based on fracture displacement, effectiveness of closed reduction on 
median nerve paresthesias, surgical routine, open or closed fractures, contiguous 
fractures of the carpus and the distal radius, fracture mechanism, the patient’s age, 
and the patient’s sex. 

To evaluate the likelihood of receiving a CTR during distal radius ORIF, we assigned 
a score to each of the variables possibly influencing the surgeon’s likelihood of 
performing a CTR during distal radius ORIF. We assigned a score of 0 to each 
answer stating that the presence of a characteristic has no influence, a score of 1 to 
each answer stating that the presence of a characteristic makes it more likely, and 
a score of -1 to each answer stating that the presence of a characteristic makes it 
less likely that the surgeon would perform a CTR at the same time as distal radius 
ORIF. 

Statistical analysis
A posthoc power analysis demonstrated that 26 Dutch surgeons and 101 surgeons 
from the USA provided us with 95% statistical power (two-tailed α, 0.05) to detect an 
absolute difference in proportions of surgeons who consider displacement of the 
distal radius fracture to be a risk factor for acute carpal tunnel syndrome with an 
effect size of 0.22. We presented categorical data as frequencies with percentages 
and continuous data as means with their standard deviations. The demographic 
differences between the surgeons were assessed through bivariate analysis: 
Fisher’s exact test was used to compare the distribution of categorical data and we 
used the two-sample student t-test with equal variance for the continuous variables. 
The differences in surgical practice and risk assessment between the surgeons and 

the differences in surgical decision making regarding carpal tunnel release in the 
setting of distal radius fractures were all assessed using Fisher’s exact test. 

Surgeon characteristics
Our sample comprised 127 surgeons; 117 men (92%) and 10 women (7.9%) with a 
mean age of 50 (SD 11) years. Twenty percent of the surgeons (n=26) were from 
the Netherlands and 80% (n=101) were from the USA. Nearly all participants had 
their surgical residency in the same country where they practice medicine (98%) 
and were working full time (93%; Table 1). Compared to the surgeons from the USA, 
the Dutch surgeons were younger (P = 0.0091), had worked fewer years since board 
certification (P = 0.0033), and worked in level I trauma centers more often (P = 0.001). 
Compared to the Dutch surgeons, the group of surgeons from the USA consisted of 
more hand surgeons (P < 0.001; Table 1) and worked in a practice where ORIF of 
distal radius fractures is a day surgery procedure more often.

RESULTS

Bivariate analysis showed that, compared to Dutch surgeons, more surgeons from 
the USA are of the opinion that patients with displacement of their distal radius 
fracture are at risk of developing an acute carpal tunnel syndrome (P < 0.001). In 
contrast, more surgeons from the Netherlands consider persistent paresthesia in 
the median nerve distribution after closed reduction of the distal radius fracture to be 
a surgical emergency (P = 0.007; Table 2). Surgeons from the USA perform elective 
open CTR in patients with CTS as part of their practice more often (P = 0.005), have 
more recent experience (in the past 4 weeks prior to answering the questionnaire) 
with releasing a carpal tunnel (P = 0.008), and have more experience with treating 
a patient with a displaced distal radius fracture who developed preoperative ACTS  
(P = 0.016). 

Radiographic displacement of the distal radius fracture would lead to a higher 
probability of performing a CTR during distal radius ORIF in 12% of the Dutch 
surgeons, while this was the case with 18% of the surgeons from the USA  
(P = 0.028). Furthermore, there was a larger proportion of US surgeons than Dutch 
surgeons who would not consider contiguous fractures of the carpus and the distal 
radius fracture as an influencing factor in the surgical decision-making regarding 
CTR during ORIF of the distal radius fracture (P = 0.05; Table 3). Apart from these 
two injury-related characteristics, there were no patient-, median nerve-, or logistics-
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related factors that showed differences between these groups regarding surgical 
decision making on CTR at the time of distal radius ORIF (Table 3). 

Table 2. Differences in surgical practice and risk assessment regarding carpal tunnel 
release in the setting of distal radius fractures between surgeons from the Netherlands 
and surgeons from the USA.

Country of surgical 
practice

Variable, n (%) NL (n=26) USA (n=101) P
Surgical practice

Performed elective open CTR in patients with CTS as 
part of his/her practice

13 (50) 81 (80) 0.005

Released a carpal tunnel, for any reason, in the past 4 
weeks

12 (46) 76 (75) 0.008

Working in practice where ORIF of DRFx is a day 
surgery procedure

20 (77) 99 (98) 0.001

Has ever treated a patient with a displaced DRFx who 
also developed preoperative acute CTS

22 (85) 99 (98) 0.016

Has ever treated a patient with a displaced DRFx who 
also developed postoperative acute CTS

16 (62) 76 (75) 0.22

Has (institutional) clinical or radiographic guidelines to 
determine which DRFx are at risk of CTS

0 (0.0) 8 (7.9) 0.21

Performs routinely (>50% of the time) CTR at the same 
time as distal radius ORIF

1 (3.9) 9 (8.9) 0.69

Has ever returned to the operating room with a patient 
after distal radius ORIF for subsequent CTR

11 (42) 64 (63) 0.073

Changes the post-op rehabilitation if there was 
concurrent CTR during ORIF of the distal radius

2 (7.7) 11 (11) >0.99

Routinely allows for preoperative peripheral nerve 
block placement for DRFx requiring surgery

15 (58) 73 (72) 0.16

Risk factor assessment
Believes that displaced DRFx are at risk of acute CTS 20 (77) 100 (99) <0.001
Considers persistent paresthesia in the median nerve 
distribution after closed reduction of DRFx to be a 
surgical emergency

13 (50) 22 (22) 0.007

CTR = carpal tunnel release; CTS = carpal tunnel syndrome; DRFx = distal radius fracture;  
ORIF = open reduction internal fixation

Table 3. Differences in surgical decision making regarding carpal tunnel release in 
the setting of distal radius fractures between surgeons from the Netherlands and 
surgeons from the USA.

Country of surgical practice

Variable influencing the likeliness of CTR at  
the same time as distal radius ORIF, n (%) NL (n=26) USA (n=101) P
Patient characteristics

Age > 55 years old (ref: <55 years old) 0.59
More likely 0 (0.0) 3 (3.0)
Less likely 3 (12) 7 (6.9)
No influence on the surgeon’s decision making 23 (88) 91 (90)

Female sex (ref: male sex) 0.54
More likely 0 (0.0) 2 (2.0)
Less likely 2 (7.7) 3 (3.0)
No influence on the surgeon’s decision making 24 (92) 96 (95)

Comorbidities such as diabetes or end stage renal 
disease (ref: no comorbidities)

0.12

More likely 2 (7.7) 21 (21)
Less likely 1 (3.9) 1 (0.99)
No influence on the surgeon’s decision making 23 (88) 79 (78)

Injury characteristics
Radiographic displacement of the distal radius 
fracture (ref: no radiographic displacement)

0.028

More likely 3 (12) 18 (18)
Less likely 4 (15) 2 (2.0)
No influence on the surgeon’s decision making 19 (73) 81 (80)

Open fracture (ref: closed fracture) 0.098
More likely 8 (31) 32 (32)
Less likely 3 (12) 2 (2.0)
No influence on the surgeon’s decision making 15 (58) 67 (66)

Contiguous fractures of the carpus and distal 
radius (ref: no contiguous fractures)

0.05

More likely 12 (46) 46 (46)
Less likely 2 (7.7) 0 (0.0)
No influence on the surgeon’s decision making 12 (46) 55 (54)

High-energy distal radius fracture (ref: low-energy 
fracture)

0.28

More likely 18 (69) 70 (69)
Less likely 1 (3.9) 0 (0.0)
No influence on the surgeon’s decision making 7 (27) 31 (31)

Median nerve paresthesias
Resolving median nerve paresthesias following 
closed reduction of a fracture indicated for ORIF

0.56

Would perform a CTR at the same time as ORIF of 
the distal radius

3 (12) 18 (18)
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Based on the mean summative scores that were assigned to the surgeon’s decision 
making, surgeons from the USA are more likely to perform a CTR at the same time 
as distal radius ORIF (mean: 1.8 (SD 1.6), range: -3 to 6) when compared to surgeons 
from the Netherlands (mean: 0.96 (SD 2.4), range: -6 to 4; P = 0.044).

DISCUSSION

The lack of conclusive evidence regarding the treatment of median nerve dysfunction 
in the setting of distal radius fractures has led to differences in surgical guidelines 
regarding the management of AMN. We aimed to evaluate the differences between 
surgeons in their decision-making regarding CTR in the setting of distal radius 
fractures.  

Our study should be interpreted in light of its strengths and limitations. First, 
we do not have accurate data on the number of incorrect or unavailable contact 
information. In addition, it is possible that the e-mail that was sent to prospective 
respondents was wrongly identified as spam e-mail, which may have reduced the 
response rate, which in turn affected our reported response rate. Our response rate 
could also be affected by the fact that medical specialists show a high variability in 
response rates.17 Second, because of feasibility reasons, the results of this study are 
based on surgeons from the Netherlands and the USA and assessing the differences 
between surgeons from other countries could possibly lead to different outcomes. 
Third, there was a difference in age and, consequently, years in practice between the 

two groups. It is likely that this only had a limited influence on our outcomes, as prior 
studies have shown that the influence of surgical experience on both assessment 
and treatment of distal radius fractures is limited.18,19 The observation that surgical 
experience only accounts for 1% of the variability in treatment recommendation of 
wrist fractures, supports this.19 Furthermore, the Dutch group of surgeons consisted 
of fewer hand surgeons than the USA group. This is not surprising, as hand and 
upper extremity surgery is not a separate specialty in the Netherlands and there 
are no set criteria by which an individual can be classified as a hand surgeon. In 
the Netherlands, hand and upper extremity surgery is practiced by orthopaedic 
surgeons, trauma surgeons, and plastic surgeons. The treatment of distal radius 
fractures is however mainly the domain of the orthopaedic trauma surgeons, as 
Dutch hand surgeons primarily focus on (trauma of) the hand. The differences 
in (sub)specialty between the groups in this study therefore are unlikely to imply 
differences in treatment domains. Additionally, the effect of surgical specialty on 
operative treatment recommendation is not clear as it has not been reported with 
consistent results.19,20 Lastly, this study is a cross-sectional survey and not a data-
driven study. This means we assessed expert-opinions on hypothetical statements, 
rather than observing behaviour in actual clinical settings. It could be that our 
respondent’s practice would not be in line with the answers they provided. However, 
this is a typical characteristic of survey studies assessing medical practices, and 
expert-opinions of surgeons are a good indication of the need and development of 
surgical guidelines.21-23 

With regards to the strengths of this study, our extensive literature search did not 
reveal any pre-existing data assessing AMN in distal radius fractures with a study 
design similar to ours and we anticipate that this study will be able to facilitate the 
establishment of guidelines for the management of this injury. Other strengths are 
the representative sample, a sample size allowing us to perform a statistical analysis 
rather than providing descriptive results only, and a wide reach of exposure to eligible 
participants through the involvement of the respective national trauma associations. 

Our results show that, compared to Dutch surgeons, surgeons from the USA are 
more of the opinion that patients with displacement of their distal radius fracture 
are at risk of developing ACTS. Although a matched case-control study identified 
fracture translation as a risk factor for ACTS6, there is still insufficient evidence to 
advise for or against carpal tunnel release in the setting of distal radius fractures 
based on radiographic characteristics alone.4

Would not perform a CTR at the same time as ORIF 
of the distal radius

23 (88) 83 (82)

Unresolving median nerve paresthesias following 
closed reduction of a fracture indicated for ORIF

0.58

Would perform a CTR at the same time as ORIF of 
the distal radius

26 (100) 96 (95)

Would not perform a CTR at the same time as ORIF 
of the distal radius

0 (0.0) 5 (5.0)

Logistical considerations
Day of the week being a Friday 
(ref: Monday - Thursday)

0.19

More likely 0 (0.0) 1 (0.99)
Less likely 2 (7.7) 1 (0.99)
No influence on the surgeon’s decision making 24 (92) 99 (98)

CTR = carpal tunnel release; ORIF = open reduction internal fixation
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Compared to Dutch surgeons, surgeons from the USA perform elective open CTR 
more often and have more experience with treatment of patients with displaced distal 
radius fractures who developed preoperative ACTS. Elective open CTR is a procedure 
that is performed by multiple surgical specialties in the Netherlands, while CTR in 
the setting of ACTS is mainly the domain of the Dutch trauma surgeon. Therefore, 
the difference between our groups in the proportion of surgeons that perform 
elective CTR may be a consequence of that we approached Dutch trauma surgeons 
through the DTS and focused on Dutch trauma surgeons primarily. ORIF of a distal 
radius fracture was a day procedure in the institutions of Dutch surgeons less often 
compared to those from the USA. It must be noted that none of the Dutch surgeons 
worked in private practice and that this is likely a consequence of the differences in 
national healthcare systems between the countries of the participating surgeons. 

There were no differences in patient-, logistics-, or median nerve assessment 
related factors associated with the likelihood of receiving CTR during ORIF of the 
distal radius fracture. Although radiographic displacement had no influence on the 
surgical decision-making regarding CTR during ORIF in the majority of both groups, 
there were relatively more Dutch surgeons than USA surgeons who were less likely 
to perform a CTR during ORIF based on fracture displacement. This is in line with 
our finding that surgeons from the USA consider fracture displacement a risk factor 
for developing ACTS more often. 

Surgeons from the USA had higher summative likelihood scores than the Dutch 
surgeons, indicating that – overall – USA surgeons are more likely to perform a CTR 
in patients with median neuropathy in patients who receive operative treatment for 
their distal radius fracture. This is in line with our finding that USA surgeons had 
more and more recent experience with CTR more often. While the Dutch guideline 
on treatment of distal radius fracture has no mention of median nerve release14, the 
AAOS treatment guideline on distal radius fractures does not advise for or against 
nerve decompression in persisting median neuropathy after reduction – although it 
must be mentioned that this recommendation does not concern simultaneous CTR 
during ORIF of the distal radius specifically.15

There is limited published data on ACTS and CTR in distal radius fractures. The 
rapidly progressive nature of the symptoms may aid differentiating between ACTS 
and other AMN pathologies with overlapping diagnostic criteria such as median 
nerve contusion or neurapraxia, forearm compartment syndrome, or exacerbation of 
a pre-existing carpal tunnel syndrome.4,5 A study that assessed CTR in patients with 
volar Barton fractures and median nerve symptoms, advised that the median nerve 

should not be decompressed during ORIF using buttress plating and screws if there 
are no signs of median neuropathy.9 Another study concluded that a CTR during 
ORIF in patients with no median neuropathy signs may lead to more complications 
than not performing a CTR.8 This CTR was however not a typical CTR: the incision of 
a volar Henry approach was extended to the ulnar side of the thenar compartment. 
It is important to note that not all median neuropathies associated with distal radius 
fractures will benefit from a CTR, as it could also be that progressive AMN is caused 
by a local median nerve injury. In some of those cases, the symptoms may resolve 
over time, even without a concomitant CTR. However, in this group it is difficult to 
accurately predict which patients may improve clinically without a CTR. It therefore 
may be a more prudent option to do a concomitant CTR to reduce the likelihood of 
any compression that may impede neural recovery in patients with a direct injury to 
the median nerve, and if the injury to the nerve is proximal to the carpal tunnel, to 
perform a more proximal exploration and release of the median nerve.3

Our data suggests that there are differences in surgical practices among first world 
countries. We speculate that this is due to a lack of solid evidence regarding CTR 
during ORIF of distal radius fractures. Patients with median nerve symptoms after 
a distal radius fracture are more likely to receive a concomitant CTR during ORIF of 
their distal radius fracture in the USA than in the Netherlands, which may or may 
not be facilitated by differences in surgical guidelines. Identifying differences in 
surgeon’s views and practices may contribute to the discussion regarding the role 
of CTR during ORIF of distal radius fractures. It is still difficult to identify which 
patients will benefit from a CTR during ORIF of distal radius fractures and future 
research should guide surgeons in making appropriate evidence-based decisions 
when performing CTR in the setting of distal radius fractures and will, hopefully, 
reduce surgeon-to-surgeon variability in the treatment of this injury.
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APPENDIX A: QUESTIONNAIRE SURVEY

Demographics

1. What is your age?

2. What is your sex? 
 Male/Female

3. How many years have you been in practice since board-qualification?

4. In what country did you complete your residency?
 a. If U.S., what was the region of training? 
 Northeast/Southeast/Midwest/Southwest/Northwest

5. In what country do you practice medicine?

6. What is your position?
 Surgeon/fellow/other
 a. If other, please specify: 
 b. If fellow, do you perform surgery independently?
     Yes/no

7. Are you a supervising surgeon?
 Yes/no

8. What is your surgical specialty?
  General Orthopaedic Surgery/Orthopaedic Traumatology/Hand and Upper 

Extremity Surgery

9. What is your work status?
 Full time/part time/retired

10. What is your institution/hospital status?
  Level I trauma center/Community Hospital/non-level I trauma center/Private 

practice

Carpal Tunnel Release in Distal Radius Fractures

1. In your practice, is ORIF of a distal radius fracture a day surgery?
 Yes/no

2. As part of your practice, do you do elective open carpal tunnel release in 
patients with carpal tunnel syndrome?

 Yes/no

3. Have you released a carpal tunnel, for any reason, electively or acutely, within 
the past four weeks? 
Yes/no

4. Do you believe that patients with displaced distal radius fractures are at risk 
of acute carpal tunnel syndrome?   
Yes/no

5. Do you or your institution have a set of clinical or radiographic guidelines that 
you use to decide which distal radius fractures are at risk to develop carpal 
tunnel syndrome?   
Yes/no

6. Are you more or less likely to perform a carpal tunnel release at the same 
time as the distal radius ORIF if there is radiographic displacement of the 
distal radius?   
More likely/less likely/this doesn’t affect my decision making

7. Have you ever treated a patient with a displaced distal radius fracture who 
also developed preoperative acute carpal tunnel syndrome?   
Yes/no

8. Have you ever treated a patient with a displaced distal radius fracture who 
also developed acute post-operative carpal tunnel syndrome after ORIF of a 
distal radius fracture?   
Yes/no

9. Do you routinely allow for preoperative peripheral nerve block placement for 
distal radii you plan to operate upon?   
Yes/no
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10. Do you consider persistent paresthesias in the median nerve distribution, 
after performing a closed reduction of a distal radius fracture to be a surgical 
emergency?   
Yes/no

11. Do you routinely (>50% of time) perform a carpal tunnel release at the same 
time as distal radius ORIF?   
Yes/no

12. Are you more or less likely to perform a carpal tunnel release on a patient 
with an open distal radius fracture?   
More likely/less likely/this doesn’t affect my decision making

13. Are you more or less likely to perform a carpal tunnel release in a patient with 
contiguous fractures of the carpus and distal radius?   
More likely/less likely/this doesn’t affect my decision making

14. Are you more or less likely to perform a carpal tunnel release in a patient 
with a high-energy distal radius fracture (e.g. fall from height, motor vehicle 
accident, polytrauma) compared to patients with a distal radius fracture 
resulting from a low-energy setting?   
More likely/less likely/this doesn’t affect my decision making

15. Are you more or less likely to perform a carpal tunnel release at the same 
time as ORIF of a distal radius fracture in a patient that is > 55 years old when 
compared to patients that are < 55 years old?   
More likely/less likely/this doesn’t affect my decision making

16. Are you more or less likely to perform a carpal tunnel release during ORIF of a 
distal radius fracture in females when compared to males?   
More likely/less likely/this doesn’t affect my decision making

17. Are you more or less likely to perform a carpal tunnel release in a patient >55 
years old undergoing ORIF of a distal radius fracture, who also has other co-
morbidities like diabetes or end stage renal disease?   
More likely/less likely/this doesn’t affect my decision making

18. Have you ever had to return to the operating room with a patient after distal 
radius ORIF for subsequent carpal tunnel release?   
Yes/no

19. Does concurrent carpal tunnel release during ORIF of a distal radius fracture 
influence your post-operative rehabilitation of the wrist and hand ?   
Yes/no

20. Are you more or less likely to perform a carpal tunnel release during ORIF of a 
distal radius  fracture on a Friday compared to Monday-Thursday?   
More likely/less likely/this doesn’t affect my decision making

21. A patient sustains a displaced distal radius fracture and has pre-reduction 
median nerve paresthesias. After closed reduction, you believe ORIF of the 
patient’s distal radius is still indicated. 
a.  If median nerve paresthesias RESOLVED following closed reduction, would 

you perform a carpal tunnel release at the same time as distal radius ORIF? 
Yes/no

b.  If median nerve paresthesias DID NOT RESOLVE following closed 
reduction, would you perform a carpal tunnel release at the same time as 
distal radius ORIF   
Yes/no
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ABSTRACT

Background Grip strength is a performance-based measure of upper extremity 
function that might be influenced by priming (the influence of a response to a 
stimulus by exposure to another stimulus). 

Questions/purposes This study addressed the influence of questionnaire content on 
performance measurements such as grip strength between patients who complete 
the standard Pain Catastrophizing Scale (PCS) compared to patients who complete 
a positively adjusted PCS.

Methods Between June 2015 and August 2015, we enrolled 122 patients who 
presented to three hand surgeons at three outpatient offices. They were randomized 
to two groups: the control group, which completed the PCS and the intervention 
group, which completed a positively phrased version of the PCS. Before and after 
completion of the questionnaire, we measured each patient’s grip strength three 
times by alternating between hands. Two patients were excluded after participation. 
We calculated both the pre- and post-intervention mean and maximum grip strengths.

Results There was no significant difference between groups on mean or maximum grip 
strength before completion of the questionnaires. There was a greater improvement 
in mean grip strength of both hands in the intervention group compared to the PCS 
group. This improvement was statistically significant in the affected hand. The 
maximum grip strength showed a statistically significant greater improvement in 
both hands in the positive PCS group compared to the control group. 

Conclusions Positive priming through a questionnaire leads to an increase in mean 
and maximum grip strength when compared to the standard questionnaire that uses 
negative terms rather than positive.

INTRODUCTION

Strong grip is not an objective measure of upper limb function. Grip requires effort, 
motivation, and belief in the ability to perform the task safely. Although young men 
are generally stronger,1,2 grip measurement at all 5 stations on a grip dynamometer 
and rapid alternating grip strength are used to identify incomplete effort (which 
may be associated with pain avoidance or secondary gain). Grip strength correlates 
with measures of the subjective aspects of illness such as the Disabilities of the 
Arm, Shoulder and Hand (DASH),3 and with discharge disposition, depressive or 
anxiety disorders, and mortality.4-6 A previous study by our group demonstrated no 
correlation between the Pain Catastrophizing Scale score (PCS) and grip strength.7

Priming, the influence of a response to a stimulus by exposure to another stimulus, 
affects responses on subjective measures of upper extremity function. A study by 
our group recently found that patients primed with a positively phrased version of 
the PCS presented less disability on the Patient-Reported Outcomes Measurement 
Information System (PROMIS) Upper Extremity when compared to patients primed 
with a negatively phrased PCS.8 However, it is not known whether priming also affects 
performance measurements of hand function. This study addressed the influence 
of questionnaire content on partially subjective, partially objective performance 
measurements such as grip strength.

This study tested the primary null hypothesis that there is no difference in mean grip 
strength (based on three attempts) between patients who complete the standard 
PCS compared to patients who complete the positively adjusted PCS. The secondary 
null hypothesis was that there is no difference in maximum grip strength (based 
on three attempts) between patients who complete the standard PCS compared to 
patients who complete the positively adjusted PCS.

METHODS

Design
This study was an institutional review board-approved, double blinded randomized 
controlled study, performed at three outpatient offices of a level 1 trauma center in 
Boston, MA, USA. The trial was registered on www.clinicaltrials.gov under identifier 
NCT 02493127.
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Subjects
Between June 2015 and August 2015 new and follow-up patients presenting to three 
hand surgeons at three outpatient offices were invited to participate in this study. 
Inclusion criteria were patients aged 18 years or greater with English fluency and 
literacy and able to provide informed consent. Patients who were physically unable 
to use a dynamometer were excluded. Written informed consent of each patient was 
obtained after providing information about the study orally and in writing. 

Randomization, intervention, and blinding
The patients were randomized in a 1:1 ratio through permuted block randomization 
(Microsoft Excel, Redmond, WA, USA) to either the intervention group (positively 
worded PCS) or the control group (standard PCS). The patients in the control group 
were asked to complete the Pain Catastrophizing Scale (PCS). This is a 13-item 
scale to measure catastrophic thinking in response to nociception.9 Patients answer 
items on a response scale from 0 to 4. Scores range from 0 to 52: a lower score 
indicates less catastrophic thinking about pain. The patients in the intervention 
group received a validated positively phrased version of the PCS, e.g. “I go about my 
business, without concern about whether the pain will end” or “I feel I can carry on” 
(Table 1).8 Here too, patients answer items on a response scale from 0 to 4. Scores 
range from 0 to 52: a higher score indicates less catastrophic thinking about pain.  
Prior to questionnaire completion, for each patient we measured each hand’s 
grip strength three times by alternating between hands. We standardized our 
measurements by performing all measurements according to the recommendations 
of the American Society of Hand Therapists (ASHT): we used a Jamar dynamometer 
with its handle position set at the second position and had the subjects seated with their 
shoulders adducted, their elbows flexed in 90 degrees and their forearms in neutral.10 
We repeated the grip strength measurements after completing the questionnaires. 
The same examiner completed all measurements for study participants. 
All patients were blinded to the study hypothesis. The examiner completing the 
measurements was also blinded to the intervention or control group, and so were 
the 3 referring surgeons. All questionnaires were filled out on a computer by using 
REDCap data management software (REDCap; Vanderbilt University, Nashville, 
Tenessee, USA) before or after the consultation with the hand surgeon. No further 
evaluation was performed. 

Outcome measures
Our primary outcome was mean grip strength, which was calculated by calculating 
the mean of the grip strength measurements. We calculated both the pre and post-
intervention mean grip strengths. Our secondary outcome was maximum grip 

strength, which was determined by selecting the largest of the observations. We 
determined both the pre- and post-intervention maximum grip strengths.  

Table 1. PCS versus the positively primed version of the PCS.
PCS Positively primed version of the PCS
When I’m in pain… When I’m in pain..
I worry all the time about whether the pain 
will end.

I go about my business, without concern 
about whether the pain will end.

I feel I can’t go on. I feel I can carry on.
It’s terrible and I think it’s never going to get 
any better. 

It’s manageable and I think it will get better.

It’s awful and I feel that it overwhelms me. It’s tolerable and I can push it to the 
background.

I feel I can’t stand it anymore. I feel I’ll be OK.
I become afraid that the pain may get worse. I am confident that the pain will diminish.
I think of other painful experiences. I think about how things have worked out in 

the past and I move on.
I anxiously want the pain to go away. I realize it may take some time for the pain to 

go away.
I can’t seem to keep it out of my mind. I have learned how to take my mind off of the 

pain.
I keep thinking about how much it hurts. I am able to stay focused on daily tasks 

regardless of pain.
I keep thinking about how badly I want the 
pain to stop. 

I have a sense that I’ll be OK with or without 
pain.

There is nothing I can do to reduce the 
intensity of the pain. 

There are some things I can do to reduce the 
intensity of the pain.

I wonder whether something serious may 
happen. 

I trust everything will be all right.

PCS = pain catastrophizing scale

Interventions to prevent bias
Participants were informed about the study purpose but blinded to our specific 
study hypotheses. They were told that we were interested in their grip strength 
before and after completing a questionnaire regarding their responses to pain.  
The informed consent letter specified the protocol title, number of necessary 
subjects, possible risks and discomforts, and statements regarding protection of 
privacy. The investigator was unaware of which group the participant was assigned 
to and ensured that the grip strength measurements were performed correctly. 
There was no significant difference between the number of new and follow-up 
patients in both groups (Table 2). If necessary, the medical record was reviewed 
for additional information.
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Power analysis
Based on drafts of the protocol, we planned to use a one-way ANOVA leading to an 
analysis indicating the need for 120 patients. We realized after completing the study 
that the two-sample t-test was the more appropriate test for the final version of our 
protocol. A post-hoc power analysis demonstrated that a sample size of 60 patients 
in each group gave us 80% statistical power to detect a difference between the grip 
strength of the two groups with an effect size of 0.52.

Statistical analysis
The demographic and clinical characteristics of patients were reported with 
frequencies and percentages for dichotomous or categorical data and as mean ± 
standard deviation for continuous data. The associations between priming and the 
primary and secondary outcomes were analyzed using the two-sample t-test. 

RESULTS

Participants
One hundred twenty-five patients were asked to participate in this study, three 
patients (2.4%) declined participation. A total of 122 patients were enrolled. Two 
patients were excluded after participation in our study: one patient was excluded 
because she could not finish the study due to inadequate time and one patient had a 
grip strength that was too low to measure. Our final cohort included 120 patients. The 
intervention and control groups were well balanced, with no significant differences 
in terms of demographic and other patient-specific characteristics (Table 2).

Mean grip strength
There was no significant difference in pre-intervention mean grip strengths between 
the intervention and control group (P>0.05; Table 3). Bivariate analysis identified 
significantly greater improvement (P<0.05) in mean grip strength including all 
measurements of both hands in the positively adjusted PCS intervention group 
compared to the PCS control group (3.1 versus 0.71). The improvement in mean 
grip was statistically significant in the affected hand (3.9 versus 1.3; P<0.05), and 
not significant for the unaffected hand (2.2 versus 0.31; P=0.056; Table 4), which we 
used as a control for the affected hand.

Table 2. Patient characteristics.
All patients PCS PPCS

(n=120) (n=60) (n=60) P value
Age, mean (SD), years 53 (16) 55 (16) 51 (16) 0.25
Sex, n (%) 0.14

Men 59 (49) 25 (41) 34 (56)
Women 61 (50) 35 (58) 26 (43)

Race, n (%) 0.71
White 111 (92) 56 (93) 55 (91)
Black or African American 3 (2.5) 1 (1.6) 2 (3.3)
Asian 1 (0.83) 0 (0.0) 1 (1.6)
Native Hawaiian or Other Pacific Island 1 (0.83) 0 (0.0) 1 (1.6)
Other 4 (3.3) 3 (5.0) 1 (1.6)

Ethnicity, n (%) 0.61
Hispanic or Latino 4 (3.3) 1 (1.6) 3 (5.0)
Not Hispanic or Latino 116 (96) 59 (98) 57 (95)

Marrital status, n (%) 0.34
Single 33 (27) 17 (28) 16 (26)
Living with partner 7 (5.8) 1 (1.6) 6 (10)
Married 71 (59) 36 (60) 35 (58)
Separated/divorced 3 (2.5) 2 (3.3) 1 (1.6)
Widowed 6 (5.0 4 (6.6) 2 (3.3)

Education in years, mean (SD) 15 (2.6) 16 (2.3) 14 (2.8) 0.25
Insurance status, n (%) 0.075

Workman’s compensation 13 (10) 57 (95) 50 (83)
No workman’s compensation 107 (89) 3 (5.0) 10 (16)

Smoker, n (%) 0.36
Smoker 108 (90) 56 (93) 52 (86)
No smoker 12 (10) 4 (6.6) 8 (13)

Diagnosis, n (%) 0.46
Non-traumatic 89 (74) 43 (71) 46 (76)
Traumatic 31 (25) 17 (28) 14 (23)

Visit type, n (%) 0.67
New patient 46 (38) 25 (41) 21 (35)
Follow-up patient 74 (61) 35 (58) 39 (65)

Hand dominance, n (%) 0.72
Left 20 (16) 12 (20) 8 (13)
Right 98 (81) 47 (78) 51 (85)
Both 2 (1.6) 1 (1.6) 1 (1.6)

Injured hand(s), n (%) 0.15
Left 58 (48) 32 (53) 26 (43)
Right 57 (47) 24 (40) 33 (55)
Both 5 (4.1) 4 (6.6) 1 (1.6)

PCS score, mean (SD), score from 0 - 52 - 8.2 (8.7) - -
PPCS score, mean (SD), score from 0 - 52 - - 36.4 (9.8) -

SD = standard deviation; PCS = pain catastrophizing scale; PPCS = positive pain catastrophizing 
scale
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Maximum grip strength
There was no significant difference in pre-interventional maximum grip strengths 
between the intervention and control group (P>0.05). Bivariate analysis identified a 
significant difference (P<0.05) in improvement of maximum grip strength including 
all measurements of both hands in the positively adjusted PCS intervention group 
compared to the PCS control group (2.7 versus -1.2). The improvement was 
statistically significant in both the affected (4.0 versus -0.17; P<0.05) and unaffected 
hand (1.8 versus -0.77; P<0.05; Table 4).

Table 3. Grip-strength before intervention.

Original PCS Positive PCS P-value

Both hands
Mean (SD), pounds force 59 (23) 68 (30) 0.066
Maximum (SD), pounds force 73 (28) 81 (33) 0.14

Affected hand
Mean (SD), pounds force 52 (24) 62 (32) 0.055
Maximum (SD), pounds force 56 (25) 66 (32) 0.070

Non-affected hand
Mean (SD), pounds force 67 (28) 75 (32) 0.18
Maximum (SD), pounds force 72 (30) 79 (33) 0.22

SD = standard deviation; PCS = pain catastrophizing scale

Table 4. Difference in grip-strength after intervention.

Original PCS Positive PCS P-value

Both hands
Mean (SD), pounds force 0.71 (4.1) 3.1 (4.5) 0.0033
Maximum (SD), pounds force -1.2 (6.9) 2.7 (6.5) 0.0019

Affected hand
Mean (SD), pounds force 1.3 (4.3) 3.9 (6.2) 0.0070
Maximum (SD), pounds force -0.17 (5.4) 4.0 (7.3) <0.001

Non-affected hand
Mean (SD), pounds force 0.31 (5.3) 2.2 (5.1) 0.056
Maximum (SD), pounds force -0.77 (7.2) 1.8 (6.6) 0.049

SD = standard deviation; PCS = pain catastrophizing scale

DISCUSSION

Priming influences perceptions,11 behavior,12 performance on cognitive tasks,13 
and a person’s attitudes and values.14 We found that positive priming leads to an 
improvement in mean grip strength of the affected hand and the mean grip strength 
of both hands together. In the unaffected hand, the p value was .056, and the upper 
value of the confidence interval (95% CI: -3.78 – 0.051) was very close to being below 
zero. Taken together, these findings suggest that future research should reexamine 
the relationship between positive priming and the unaffected hand. In addition, our 
results showed that positive priming leads to an increase in maximum grip strength 
in both the affected and unaffected hand. 

Our study should be interpreted in light of its strengths and limitations. This is a 
double-blinded randomized controlled study that was performed at three different 
outpatient clinics. Furthermore, we used the ASHT recommendations for measuring 
grip strength, allowing for standardization of our measurements.10 However, our 
study results may not extrapolate to patients that do not fit our inclusion criteria. 
Also, some patients were enrolled directly before their visit to the hand surgeon, 
while other patients were enrolled right after their visit. Even though our permuted 
block randomization will most likely negate any effect this may have had, this could 
be a potential confounder.

Our results showed that – among patients with hand and upper extremity illness 
– positive priming leads to an increase in both mean and maximum grip strength 
when compared to patients that were primed negatively. Prior studies confirm the 
influence of priming and speculate on mechanisms of action. In a study on 42 
healthy participants, Aarts et al. reported that reaction time, force exertion, mean 
force and maximal force were increased by subliminal priming combined with 
observable positive stimuli.15 In a study on 19 healthy volunteers, Takadara et al. used 
transcranial magnetic stimulation to show that this priming effect may be due to 
enhanced corticospinal excitability.16 Both studies only included healthy volunteers, 
as opposed to our study in which we only enrolled patients with a hand and upper 
extremity condition. Despite their small sample sizes, these studies may provide 
additional insights on the effects of priming on the neuronal circuits of the motor 
system. The observation that non-conscious affective cues influence measures of 
maximum performance is supported by another study on healthy individuals.17
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Grip strength is associated with upper-extremity specific symptoms and disability. 
Both grip and disability are subject to priming. We interpret this to indicate that 
positive priming of patients, might affect symptom intensity and magnitude of 
limitations. Research has identified the emotional impact of the words orthopedic 
surgeons use when communicating diagnoses, symptoms, etiology, treatment 
and prognoses.18 These words, concepts, and behaviors of hand surgery may risk 
negative priming. Words such as “tear”, “overuse”, “compensation”; concepts such as 
cortisone injection for puzzling pains or disease for which there is no or uncertain 
efficacy; and the use of diagnostic tests of limited yield and the potential to mislead 
might all contribute to negative priming.18,19 The weight of this evidence suggests 
that priming by word choice might facilitate recovery. Future studies might measure 
symptoms and disability prior to and after different word choices optimized to 
account for the concept of psychological priming.   
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ABSTRACT

Background Patients who present to hand surgery practices are at increased risk of 
psychological distress, pain, and disability. Greater catastrophic thinking about pain 
is associated with greater pain intensity, and initial evidence suggest that, together, 
catastrophic thinking about pain and cognitive fusion (i.e., interpretation of thoughts 
as true) are associated with poorer pain outcomes. 

Questions/purposes We tested whether cognitive fusion and catastrophic thinking 
interact in relation to pain and upper extremity physical function among patients 
seeking care from a hand surgeon.  

Methods Patients (N = 110; Mean age = 47.51; 59% women) presenting to an outpatient 
hand surgery practice completed computerized measures of sociodemographics, 
pain intensity, cognitive fusion, catastrophic thinking about pain, and upper extremity 
function. 

Results ANCOVA revealed an interaction between cognitive fusion and catastrophic 
thinking about pain with respect to pain intensity and upper extremity function (ps 
< .01). Participants who scored high on both cognitive fusion and catastrophic 
thinking about pain reported the greatest levels of pain, relative to those who scored 
high on a single measure. The lowest levels of upper extremity function were also 
observed among those who scored high on both catastrophic thinking about pain 
and cognitive fusion. A similar pattern of results was observed when we tested each 
catastrophizing subscale individually.  

Conclusions Maladaptive cognitions about pain (i.e., catastrophic thinking) may be 
particularly problematic when interpreted as representative of reality (i.e., cognitive 
fusion). Psychosocial interventions addressing catastrophic thinking about pain and 
cognitive fusion concurrently merit investigation among people with hand and upper 
extremity illness.  

INTRODUCTION

Musculoskeletal disorders are among the most disabling illnesses worldwide and 
are an important contributor to the globally increasing average amount of years 
lived with disability.1 Consistent with the biopsychosocial model, the symptoms 
and limitations resulting from musculoskeletal disorders, including disorders of the 
hand and upper extremities, are strongly influenced by psychosocial factors.2 Given 
that patients who present to hand surgery practices may experience psychological 
distress, pain, functional limitations, and decreased quality of life,3,4 it is important to 
identify modifiable psychological factors that may influence pain intensity and 
disability in this population. 

Two modifiable psychological factors that might be of considerable clinical utility 
in the treatment of musculoskeletal disorders are catastrophic thinking about 
pain and cognitive fusion.5-7 Catastrophic thinking about pain – the tendency to 
respond to actual or anticipated pain with maladaptive, catastrophic thoughts – is 
a well-established psychosocial risk factor for the development of chronic pain and 
disability,8,9 and may predict pain intensity and disability following hand surgery.10 
Cognitive fusion has been defined as “the tendency for behavior to be overly regulated 
and influenced by cognition… [such that] a person acts on thoughts as though they 
are literally true”.11 Persons who demonstrate high levels of cognitive fusion may 
be emotionally and behaviorally reactive to thoughts, have difficulty taking different 
perspectives,11 and be unable to notice the process of thinking or how their thoughts 
about an event may be distinguished from the event itself.12 Cognitive fusion has 
been associated with adverse outcomes (e.g., increased distress, decreased quality 
of life) among persons with health conditions (e.g., cancer13), psychiatric disorders 
(e.g., eating disorders14), and community samples,15 and cognitive fusion has been 
associated with pain intensity and disability among patients with multiple chronic 
pain conditions.11,16-18 However, to our knowledge, cognitive fusion has yet to be 
studied in the setting of hand and upper extremity illness. Catastrophic thinking 
about pain and cognitive fusion may be particularly important among hand surgery 
patients, because psychological factors are strong predictors of upper-extremity-
specific disability,19 and early psychosocial intervention may be an opportunity to 
positively influence the outcome of these patients. 

Although some research has examined associations between catastrophizing and 
pain outcomes among patients presenting to an orthopedic hand surgery practice,10 
we are not aware of any work that has investigated cognitive fusion in this population. 
Moreover, there is initial evidence that together, catastrophic thinking about pain 
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and cognitive fusion may be associated with greater pain-related disability among 
adolescents,16 but the interactions between cognitive fusion and catastrophizing 
among hand surgery patients remain unknown. Therefore, the goal of the current 
study was to examine factors associated with cognitive fusion and catastrophic 
thinking about pain among hand surgery patients, and to test whether cognitive 
fusion and catastrophic thinking about pain interact to predict greater pain and 
reduced upper extremity function. Specifically, we hypothesized that hand surgery 
patients who were high on measures of both cognitive fusion and catastrophic 
thinking about pain would report the greatest levels of pain intensity and reduced 
upper extremity function. 

METHODS

Participants and study design
All procedures were approved by our institutional review board. We invited 115 
patients who presented to their regularly scheduled appointment at an outpatient 
hand surgery practice between May and July 2015 to participate in a cross-sectional 
survey. All patients were approached by a clinical researcher (SÖ) to participate 
in the study, regardless of visit type (e.g., new patient versus follow-up visit), 
treatment type (e.g., operative versus non-operative) or condition (e.g., traumatic 
vs. non-traumatic). All invited patients met the following inclusion criteria: 1) age 
18 years or greater, 2) English fluency and literacy, 3) able and willing to provide 
informed consent, 4) not pregnant at time of inclusion. Five patients (4.3%) declined 
participation primarily due to lack of time, leading to a final sample of 110 patients. 
Following informed consent, participants completed self-report measures on an 
electronic tablet before their regularly scheduled appointment with their provider. All 
measures were administered via Assessment Center (www.assessmentcenter.net), 
a secure online data collection tool that accommodates study-specific computer 
adaptive tests (CAT).20,21

Measures
Sociodemographic characteristics: participants completed a sociodemographic 
questionnaire, which included age, sex, race, years of education, work status, and 
marital status. 

Pain: participants rated their current highest pain intensity in their body on an 
11-point ordinal Numerical Rating Scale (NRS).22 Response options ranged from  
0 (no pain) to 10 (worst pain ever). 

Cognitive fusion: the Cognitive Fusion Questionnaire (CFQ) is a 7-item self-report 
questionnaire that measures multiple aspects of cognitive fusion, including being 
governed by thoughts (e.g., “I get so caught up in my thoughts that I am unable to 
do the things that I most want to do”) and dominance of cognitions in a person’s 
experience (e.g., “It’s a struggle to let go of upsetting thoughts, even when I know 
letting go would be helpful).11 Patients answer each item by using a 7-point Likert 
scale ranging from 0 (never true) to 6 (always true). Items are summed to generate a 
total score, with higher scores indicating greater cognitive fusion.

Catastrophic thinking about pain: the Pain Catastrophizing Scale (PCS) is a 13 
item self-report scale that measures catastrophic thinking in response to actual or 
anticipated pain.23,24 Catastrophic responses are assessed across three domains, 
including magnification (e.g., I become afraid that the pain will get worse), rumination 
(e.g., I keep thinking about how much it hurts) and helplessness (e.g., There’s nothing 
I can do to reduce the intensity of the pain). Response options range from 0 (not at 
all) to 4 (all the time). Items are summed to yield a total score and three subscale 
scores, with higher scores indicating greater catastrophic thinking about pain. 

Upper extremity physical function: the Patient Reported Outcome Measurement 
Information System Upper Extremity Physical Function (PROMIS-UE) questionnaire 
is a widely used measure of upper extremity function.25 The PROMIS-UE is a 
is a flexible length CAT that administers items based on participant’s previous 
responses. Items query participant’s abilities for functional activities of the upper 
extremities (i.e., shoulder, arm, hand), such as using buttons or zippers and opening 
containers. Higher scores on the PROMIS-UE represent greater levels of upper 
extremity function.  

Data analysis 
The statistical analyses were completed using SPSS version 20. First, we examined 
bivariate associations between cognitive fusion, catastrophizing, sociodemographic 
characteristics, pain intensity, and upper extremity function. Associations between 
continuous variables were tested using Pearson’s correlations, and associations 
between categorical and continuous variables were tested using two-way ANOVA. 
An alpha level of .05 and two-tailed tests were used to determine statistical 
significance. Sociodemographic characteristics that were significantly associated 
with our predictor and criterion variables were retained as covariates in subsequent 
models. We utilized median splits to characterize participants as high and low on 
the CFQ (low ≤ 15 ; high ≥ 16) and  PCS total (low ≤ 6 ; high ≥ 7), rumination (low 
≤ 2 ; high ≥ 3), magnification (low ≤ 1 ; high ≥ 2), and helplessness (low ≤ 2 ; high 
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≥ 3) scores. We then utilized separate ANCOVA models (controlling for gender, 
employment status, and years of education) to test associations between cognitive 
fusion, catastrophizing (total and subscale scores), and pain intensity and upper 
extremity function. For each ANCOVA model, cognitive fusion, catastrophizing, and 
the cognitive fusion*catastrophizing interaction term was entered as fixed factors, 
and pain intensity and upper extremity function were entered as the respective 
dependent variables. We conducted post hoc pairwise comparisons, using a 
Bonferonni correction, for all models in which the interaction term was significant. 

RESULTS

Participant characteristics
Our sample comprised 110 patients. Participants were predominantly women  
(n = 65) with an average age of 47.51 years (SD = 16.47). The majority of participants 
self-identified as white (83.6%) and reported that they were currently employed 
(63.6%). Approximately half of participants were new patients at the time of survey  
(n = 51), and 46.4% presented for treatment of a traumatic injury. Although, on average 
participants reported relatively low levels of pain intensity at the time of assessment 
(M = 2.55, SD = 2.63), nearly one-third of participants (n = 33) endorsed moderate to 
severe pain (M = 6.05, SD = 1.78). Complete sociodemographic characteristics are 
presented in Table 1. 

Bivariate associations
We examined bivariate associations between cognitive fusion, catastrophic thinking 
about pain, sociodemographic characteristics, pain intensity, and physical function. 
Employment status was significantly associated with cognitive fusion, F(3,106) 
= 3.20, p = .026, catastrophic thinking about pain, F(3,106) = 3.91, p = .011, and 
pain intensity F(3,106) = 2.72, p = .048. Specifically, pairwise comparisons revealed 
that participants who were on disability endorsed greater levels of cognitive fusion  
(M = 23.09, SE = 2.27), catastrophizing (M = 18.27, SE = 3.03), and pain (M = 4.59, 
SE = .78) relative to participants who were employed [(M = 15.93, SE = .90), p = .004; 
(M = 7.87, SE = 1.20), p = .002; (M = 2.23, SE = .31), p = .006, respectively]. Years 
of education was inversely associated with catastrophizing (r = -.26, p = .006) and 
pain intensity (r = -.24, p = .011). Men reported greater upper extremity function  
(M = 36.51, SD = 20.75) than did women (M = 26.78, SD = 17.22), F(1,108) = 7.17,  
p = .009. 

Associations between cognitive fusion, catastrophic thinking about 
pain, and pain intensity
As hypothesized, ANCOVA revealed a significant interaction between cognitive 
fusion and catastrophic thinking on pain intensity, F(8,101) = 9.90, p = .002,  
ɳp

2 = .09. As depicted in Figure 1 and Table 2, participants who scored high on both 
cognitive fusion and catastrophic thinking about pain reported the greatest levels 
of pain intensity (M = 3.84, SE = .40), relative to those who were high on either 

Table 1. Characteristics of the study population (N = 110).

Variable

Demographics and injury characteristics
Age, mean (SD) 47.51 (16.47)
Sex, n (%)

Men 45 (40.9)
Women 65 (59.1)

Years of education, mean (SD) 15.30 (3.04)
Race/Ethnicity, n (%)

White 92 (83.6)
Non-white 18 (16.4)

Marital status, n (%)
Single 46 (41.8)
Living with partner 4 (3.6)
Married 42 (38.2)
Separated/divorced 14 (12.7)
Widowed 4 (3.6)

Employment status, n (%)
Working 70 (63.6)
Unemployed 14 (12.7)
Retired 15 (13.6)
Disabled 11 (10.0)

Visit type, n (%)
New patient 51 (46.4)
Follow-up 59 (53.6)

Condition type, n (%)
Trauma 51 (46.4)
Non-trauma 59 (53.6)

Self-reported measures, mean (SD)
PROMIS Upper Extremity Function 30.76 (19.26)
Pain Intensity 2.55 (2.63)
Cognitive Fusion Questionnaire 17.33 (7.75)
Pain Catastrophizing Scale 9.88 (10.43)

SD = standard deviation



154 155

9

COGNITIVE FUSION AND CATASTROPHIC THINKINGPART IV | The injured patient

Figure 1. Pain intensity (adjusted means and standard errors) as a function of 
catastrophizing and cognitive fusion. Superscripts indicate significant post-hoc 
comparisons: a p < .001; b p = .005.
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Table 2. ANCOVA models of cognitive fusion and catastrophic thinking in relation to 
pain intensity and upper extremity function.

df F Statistic P Value ɳp
2

DV: Pain Intensity
CFQ*PCS 1 0 .002 .089
CFQ 1 0.548 .461 .005
PCS 1 0 .014 .058
Gender 1 0 .222 .015
Employment 3 0 .095 .061
Education 1 0 .005 .077

DV: Upper Extremity Function
CFQ*PCS 1 0 .006 .072
CFQ 1 0.490 .485 .005
PCS 1 0 .026 .048
Gender 1 0 .006 .073
Employment 3 0 .344 .032
Education 1 0.347 .557 .003

CFQ = Cognitive Fusion Questionnaire; PCS = Pain Catastrophizing Questionnaire Total Score

 
 
 
 

 
 
 
 
Figure 2.  Upper extremity function (adjusted means and standard errors) as a function of 
cognitive fusion and catastrophic thinking about pain.  
Matching superscripts indicate significant post-hoc comparisons: a p = .001; b p = .016. 
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Figure 2.  Upper extremity function (adjusted means and standard errors) as a function 
of cognitive fusion and catastrophic thinking about pain. Matching superscripts 
indicate significant post-hoc comparisons: a p = .001; b p = .016.

Table 3. Pain intensity as a function of cognitive fusion and catastrophizing subscales.

Cognitive fusion

Catastrophizing subscale, mean (SE) High Low
Rumination

High 3.63 (.39)a,b 2.25 (.58)b

Low 1.21 (.69)a 2.17 (.48)
Magnification

High 3.75 (.42) 2.86 (.60)
Low 1.73 (.60) 1.69 (.48)

Helplessness
High 4.11 (.42)c,d 2.56 (.58)d

Low 1.37 (.55)c 2.04 (.46)
Adjusted means and standard errors. 

Superscripts indicate significant post hoc comparisons: 
a P = .001; b P = .035; c P < .001; d P = .021.
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catastrophizing (M = 1.95, SE = .60; p < .001) or cognitive fusion (M = 1.09, SE = .62; 
p = .005) alone. The same pattern of results was observed for the PCS rumination, 
F(8,101) = 5.32, p =.023, ɳp

2 = .05, and helplessness subscales, F(8,101) = 5.45,  
p = .022, ɳp

2 = .05, such that pain intensity was greatest among participants who 
endorsed high levels of both cognitive fusion and either rumination or helplessness 
(Table 3). The cognitive fusion x magnification interaction was not significantly 
associated with pain intensity (p = .39). 

Associations between cognitive fusion, catastrophic thinking about 
pain, and upper extremity physical function
Also as hypothesized, results of ANCOVA revealed a significant interaction 
between cognitive fusion and catastrophic thinking on upper extremity physical 
function, F(8,101) = 7.83, p = .006, ɳp

2 = .07. As depicted in Figure 2 and Table 2, 
participants who were high on both cognitive fusion and catastrophic thinking 
about pain reported the lower levels of upper extremity function (M = 25.09,  
SE = 3.06) than did those who were high on cognitive fusion alone (M = 44.03, SE = .62,  
p = .001). Significant interactions were also observed between cognitive fusion and 
all of the PCS subscales, including rumination, F(8,101) = 13.67, p < .001, ɳp

2 = .12, 
magnification, F(8,101) = 5.17, p = .025, ɳp

2 = .05, and helplessness, F(8,101) = 4.40, 
p = .038, ɳp

2 = .04. Specifically, the lowest levels of upper extremity function were 
observed among participants who were high on both cognitive fusion and either 
rumination, magnification, or helplessness (Table 4). 

Table 4. Upper extremity function as a function of cognitive fusion and catastrophizing 
subscales.

Cognitive fusion

Catastrophizing subscale, mean (SE) High Low
Rumination

High 22.66 (2.93)a,b 37.66 (4.32)b

Low 44.63 (5.12)a,c 27.68 (3.58)c

Magnification
High 24.63 (3.16)d 31.90 (4.52)
Low 42.47 (4.56)d 32.85 (3.63)

Helplessness
High 24.17 (3.29)e 30.32 (4.52)
Low 40.75 (4.29)e 31.50 (3.61)

Adjusted means and standard errors.
Superscripts indicate significant post hoc comparisons: 
a P = .002 .01; b P = .024; c P =.004; d P = .001, e P = .002.

DISCUSSION

While psychosocial processes are associated with greater symptoms and limitations 
in musculoskeletal disorders,2,26,27 the association between cognitive fusion and 
catastrophic thinking about pain in relation to upper extremity disability and pain 
intensity has received little empirical attention. Among hand and upper extremity 
surgery patients, we observed significant interactions between cognitive fusion 
and catastrophic thinking about pain in relation to both pain intensity and upper 
extremity function. Specifically, pain intensity was greatest among those who were 
high on both catastrophic thinking about pain and cognitive fusion, relative to either 
alone. Participants who were high on both catastrophic thinking about pain and 
cognitive fusion also endorsed lower levels of upper extremity function, relative to 
those who we high on cognitive fusion alone. Effect size estimates (ɳp

2) suggest that 
the interactions accounted for 4-12% of the unique variance in observed pain and 
upper extremity function scores, after controlling for gender, employment status, 
and education.28

Results of the current study are consistent with well-established literature that has 
demonstrated associations between catastrophic thinking about pain and both pain 
intensity and functional limitations.8,29 Our findings also build upon initial evidence 
that suggests catastrophic thinking about pain may be particularly maladaptive 
in the context of cognitive fusion. Indeed, the observed interaction may impact 
patients in a variety of ways. For example, patients who tend towards catastrophic 
thinking about pain (e.g., thoughts that the pain will never improve) and are high on 
cognitive fusion, may automatically interpret their catastrophic thoughts as a true 
representation of their pain condition. This may lead them to be more behaviorally 
(e.g., avoidance of movement) and emotionally reactive (e.g., increased distress). 
These patients may also have more difficulty disengaging from catastrophic 
thoughts, which could promote hypervigilance towards pain and greater catastrophic 
thinking. An additional interesting finding was that patients who scored high on 
cognitive fusion, but reported low levels of catastrophic thinking tended to report the 
lowest levels of pain and highest levels of physical functioning. Thus, our findings 
suggest that cognitive fusion, itself, may not be maladaptive for all upper extremity 
patients. Although we were not able to directly test this in the current study, it is 
possible that patients who hold adaptive cognitions about pain (i.e., cognitions that 
are not catastrophic in nature) may gain benefit from the belief that those adaptive 
cognitions are true and representative of their pain condition. 
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Our results have several important empirical and clinical implications. First, the 
significant interactions between cognitive fusion and catastrophic thinking about pain 
suggest that the relationship between catastrophic thinking about pain and pain can 
vary as a function of other psychosocial factors. Researchers may consider including 
a measure of cognitive fusion when testing relations between catastrophic thinking 
about pain and pain-related outcomes, in order to account for potential interaction 
effects. Second, our results suggest that patients who tend to catastrophize about 
pain may experience worse outcomes if they are unable to understand how those 
catastrophic thoughts are a product of the mind, rather than an accurate depiction of 
reality. Challenging catastrophic thoughts is a core component of Cognitive Behavioral 
Behavior Therapies for chronic pain,6 and cognitive fusion is a primary target of 
Acceptance and Commitment Therapy (ACT).5 Our findings suggest that psychosocial 
interventions addressing catastrophic thinking and cognitive fusion concurrently also 
merit investigation.

Strengths of the current study include the use of reliable and valid measures of 
catastrophic thinking about pain, cognitive fusion, and upper extremity function, 
including the use of computer adaptive testing. Additional strengths include extension 
of prior research to a novel hand surgery population, and examination of psychosocial 
factors that are empirically and clinically relevant. Apart from these strengths, this study 
should also be interpreted in light of its limitations. This is a cross-sectional observational 
study that was performed at a single urban academic hospital in the Northeastern 
Unites States, which may limit the external validity of our results. Second, the fact that 
participants had to complete three questionnaires and a demographic survey might 
have affected the quality of the data due to distraction and fatigue.30 However, we used 
computer adaptive testing methodology and short validated tests to mitigate this effect. 
Third, pain duration was not assessed, and participants reported average pain intensity 
and levels of catastrophic thinking that were relatively low.31 However, nearly one-third 
of our sample reported pain that was moderate-severe. While the low levels of pain, 
on average, may limit generalizability to samples of patients with more severe pain, 
our results suggest that relations between catastrophic thinking and cognitive fusion 
may be relevant to patients who present with varying levels of pain, and suggest that 
these factors should be tested in samples with more severe and chronic (e.g., lasting > 
3 months) pain, who may demonstrate greater average levels of catastrophic thinking 
or cognitive fusion. Fourth, our study was powered to identify moderate effect sizes, 
which may have led to us missing some smaller effects that are nonetheless present.  
Finally, because we did not record post-operative pain medication, we cannot rule out 
a confounding effect that post-operative medication may have had on pain levels of 
patients who received operative treatment. 

In summary, prior research has consistently identified that catastrophic thinking about 
pain is the strongest correlate of upper extremity symptoms and limitations).32-34 
Results of the current study indicate that, for hand and upper extremity surgery 
patients, the association between catastrophic thinking about pain and pain intensity 
or disability may be amplified by cognitive fusion. Participants who scored high on 
both cognitive fusion and catastrophizing reported greater levels of pain intensity 
and reduced upper extremity functioning compared to those who scored high on 
either measure alone. These results remained consistent when catastrophizing was 
examined as a total score or as individual subscales (magnification, helplessness, 
rumination). Our findings support the notion that other psychological factors, such 
as cognitive fusion, should be examined alongside catastrophic thinking about 
pain.16 

Future studies should seek to replicate our findings among multiple patient 
populations, and longitudinal studies should investigate whether interactions 
between catastrophic thinking about pain and cognitive fusion play a mediating role 
in the transition to chronic pain and disability. Furthermore, future studies should 
test whether tailored psychosocial interventions that address both catastrophic 
thinking about pain and cognitive fusion may contribute to greater improvements 
in pain intensity and disability, relative to interventions that address either factor 
in isolation. These interventions should also examine how changes in catastrophic 
thinking and cognitive fusion (e.g., as continuous variables) may predict pain and 
disability outcomes.  
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ABSTRACT

Background Information gathering is a key component of shared decision-making 
and has a measurable effect on treatment decisions. Access to health information 
might improve quality of care in hand surgery. 

Questions/purposes Our purpose was to identify sociodemographic, condition-
related, and psychosocial factors associated with online information seeking 
behavior in patients with hand and upper extremity conditions.

Methods From June 2015 to February 2016, we enrolled 134 patients with an 
upper extremity condition who presented to an outpatient hand surgery office at an 
urban level I trauma center in this cross-sectional study. The participants provided 
sociodemographic information and completed online questionnaires assessing their 
online information seeking behavior, pain intensity, symptoms of depression, pain 
interference, and an upper extremity specific patient reported outcome measure.

Results Fifty-seven patients (43%) sought information regarding their condition 
online prior to their visit. Compared to patients with no online information seeking 
behavior, patients that sought information online were more educated. Psychosocial 
and condition-related factors were not associated with online information seeking. 
In multivariable analysis, education in years and involvement of the dominant upper 
limb were independently associated with online information seeking behavior.

Conclusions Efforts to increase patient self-care and self-efficacy, improve shared 
decision making, and reduce surgeon-to-surgeon variations in care might focus on 
improved awareness, access, and appeal of quality online health information for 
people with less education.  

INTRODUCTION

The abundance of medical information online1 helps patients actively gather 
information about their illness.2 Information gathering is a key component of shared 
decision-making3 and has a measurable effect on treatment decisions.4,5 Access to 
health information can empower patients, help them determine their preferences 
based on their values, and might improve quality of care.6

Hageman et al.7 reported that 45% of the outpatients presenting to 3 hand 
surgeons investigated their symptoms online and that an online diagnostic tool 
was more accurate for such patients. In order to inform efforts to make online 
health information more accessible and useful, we sought to identify patient and 
condition-related factors associated with online information seeking behavior in 
patients with hand and upper extremity conditions. As information seeking behavior 
is considered to be a psychological rather than a medical construct,8 we also looked 
at psychosocial aspects affecting information seeking behavior.  This study tested 
the null hypothesis that there are no sociodemographic (e.g. age and education), 
condition-related (e.g. diagnosis and level of disability), and psychosocial (e.g. pain 
interference and depression) factors associated with seeking health information 
online prior to a visit with a hand and upper extremity surgeon.   

METHODS

Study design
Our Institutional Review Board approved this observational cross-sectional study. 
From June 2015 to February 2016, 141 patients who presented to 2 outpatient hand 
surgery clinics in an urban academic level I trauma center were approached for 
participation in this cross-sectional study in a consecutive manner in order to prevent 
selection bias. Inclusion criteria were: 1) age 18 years or greater, 2) English fluency 
and literacy and 3) able to provide informed consent. Seven patients (5.0%) declined 
participation due to a lack of time, resulting in a final sample of 134 patients. Prior 
to enrollment, we obtained informed consent from each subject. 

The participants provided sociodemographic information and completed 
questionnaires via Assessment Center (www.assessmentcenter.net), assessing 
their online information seeking behavior, pain intensity (Numeric Rating Scale; NRS), 
symptoms of depression (Patient-Reported Outcomes Measurement Information 
System (PROMIS) Depression), pain interference (PROMIS Pain Interference) and 
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upper extremity function (PROMIS Upper Extremity Physical Function).9-12 For each 
participant, the researcher opened the questionnaire web page and instructed the 
participant to tap on the answer most appropriate for his or her current situation. 
The sociodemographic variables consisted of age, sex, race, years of education, 
marital status, and work status. We also recorded the following condition-related 
variables: smoking status, affected and dominant side, the duration in symptoms, 
diagnosis (traumatic versus non-traumatic), prior treatment for current condition 
and the presence of more than one pain conditions.  

Questionnaires
All questionnaires were completed on an electronic tablet through Assessment 
Center, an online data collection tool for capturing participant data.13

The Online Information Seeking Questionnaire is based on the measures of 
health information seeking and recommendations as described by Anker et al.8 
This questionnaire, assessing the online information seeking behavior, comprises 
questions assessing the time spent on looking for information online, satisfaction 
with found information, perception of source credibility and quality, self-efficacy 
in online health information seeking, and the impact on their treatment decisions 
(Appendix 1).

The Numeric Rating Scale (NRS) was used to measure pain intensity using an 
11-point scale rating pain from 0 (no pain) to 10 (the worst pain imaginable).9

We used the Patient Reported Outcomes Measurement System (PROMIS) 
computerized adaptive tests (CAT) to measure the level of depressive symptoms, 
pain interference and upper extremity physical function. A PROMIS CAT presents 
a maximum of 12 questions dynamically based on the responses to the presented 
questions. The maximum score of each PROMIS instrument is 100 points: a higher 
score represents higher levels of the measured concept.14,15 The PROMIS Depression 
questionnaire is used to measure the patients’ level of depressive symptoms by 
measuring negative mood, views of self, affect and engagement.10 The PROMIS 
Pain Interference questionnaire is used to measure to what extent pain interferes 
with achieving one’s goals by asking questions about physical, mental and social 
activities.12 The PROMIS Upper Extremity Physical Function questionnaire is used 
to measure the patient’s degree of upper extremity limitations by assessing the 
function of the shoulder, arm or hand.11 

Table 1. Patient characteristics and factors associated with online health 
information seeking.

Online Information  
Seeking Behavior

1

P-value
All patients Yes No

Variable (n=134) (n=57) (n=77)
Age, mean (SD), years 52 (17) 50 (17) 54 (17) 0.171

Sex, n (%) 0.992

Male 64 (48) 27 (47) 37 (48)
Female 70 (52) 30 (53) 40 (52)

Race, n (%)
White 122 (91) 53 (93) 69 (90) 0.562

Non-white 12 (8.9) 4 (7.0) 8 (10)
Marital status, n (%)

Single 45 (34) 20 (35) 25 (32) 0.852

Living with partner 1 (0.75) 1 (1.8) 0 (0.0)
Married 75 (56) 30 (53) 45 (58)
Separated/divorced 8 (6.0) 4 (7.0) 4 (5.2)
Widowed 5 (3.7) 2 (3.5) 3 (3.9)

Education in years, mean (SD) 16 (3.2) 16 (2.9) 15 (3.4) 0.00821

Employment status, n (%) 0.672

Working 96 (72) 43 (75) 53 (69)
Unemployed 4 (3.0) 2 (3.5) 2 (2.6)
Retired 28(21) 9 (16) 19 (25)
Disabled 6 (4.5) 3 (5.3) 3 (3.9)

Visit type, n (%) 0.992

New patient 39 (29) 17 (30) 22 (29)
Follow-up patient 95 (71) 40 (70) 55 (71)

Smoking, n (%) 0.522

Yes 10 (7.5) 3 (5.3) 7 (9.1)
No 124 (93) 54 (95) 70 (91)

Dominant side involved, n (%) 0.052

Yes 80 (60) 17 (30) 37 (48)
No 54 (40) 40 (70) 40 (52)

Affected side, n (%) 0.112

Left 53 (40) 17 (30) 36 (47)
Right 67 (50) 34 (60) 33 (43)
Both sides 14 (10) 6 (11) 8 (10)

Duration of symptoms in weeks, mean (SD) 40 (81) 47 (95) 35 (69) 0.431

Diagnosis, n (%) 0.992

Traumatic 57 (43) 24 (42) 33 (43)
Non-traumatic 77 (57) 33 (58) 44 (57)

Prior treatment for current diagnosis, n (%) 0.862

Yes 60 (45) 25 (44) 35 (45)
No 74 (55) 32 (56) 42 (55)

Multiple pain conditions, n (%) 0.712

Yes 43 (32) 17 (30) 26 (34)
No 91 (68) 40 (70) 51 (66)

Patient-reported outcomes
Numeric Rating Scale for Pain, mean (SD) 2.3 (2.5) 1.9 (2.4) 2.6 (2.5) 0.151

PROMIS Pain Interference, mean (SD) 60 (8.2) 60 (8.0) 60 (8.4) 0.841

PROMIS Upper Extremity Function, mean (SD) 36 (9.7) 36 (10) 37 (8.7) 0.861

PROMIS Depression, mean (SD) 47 (9.7) 47 (8.8) 47 (10) 0.931

1 Independent t-test  
2 Fisher’s exact test
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Statistical analysis
Based on the study by Hageman et al.7, who reported that 45% of the patients 
included in their study searched online for information regarding their hand and 
upper extremity condition, we determined a-priori to enroll 134 patients that would 
allow us to include up to 6 predictors in a multivariable model with limited risk of 
overfitting.16

The association between online health information seeking and continuous variables 
(age, education, duration of symptoms, Numeric Rating Scale for pain, PROMIS Pain 
Interference, PROMIS Upper Extremity Function, PROMIS Depression) was analyzed, 
in bivariate analyses, with the independent t-test for normally distributed variables 
and Wilcoxon rank-sum test for non-normally distributed variables. Associations of 
online health information seeking with dichotomous and categorical variables were 
analyzed using Chi-squared test or Fisher exact test. Variables that satisfied the 
criterion for entry (P < 0.10 in bivariate analysis) were inserted in a multivariable 
logistic regression model to identify factors independently associated with online 
health information seeking.

Patient characteristics
Our sample comprised 134 patients, consisting of 64 men (48%) and 70 women 
(52%) with a mean age of 52 ± 17 years. Most patients were white (91%), married 
(56%) and working (72%). The mean years of education was 16 ± 3.3 years. The 
majority of the patients were follow-up patients (71%) and had a non-traumatic 
diagnosis (57%). In 80 patients (60%) the dominant side was involved and in 74 
patients (55%) there was no prior treatment for their current diagnosis. Forty-three 
patients (32%) had multiple pain conditions. The mean Numeric Rating Scale for 
pain was 2.3 ± 2.5.  The median duration of symptoms was 9 weeks (Table 1).

RESULTS

Fifty-seven patients (43%) sought information regarding their condition online 
prior to their visit (Table 2). Of these patients, the mean hours spent seeking for 
information was 3.4 ± 7.7, satisfaction with found information on an 11-point scale 
was 6.0 ± 2.4 and perception of source credibility and quality on an 11-point scale 
were 6.2 ± 2.2 and 6.5 ± 2.2, respectively. Online information seeking had an impact 
on treatment decision-making in 36% of these patients. 

Compared to patients with no online information seeking behavior, patients that 
sought information online were more educated (P = 0.0082; Table 1). Duration of 
symptoms (P = 0.43), type of diagnosis (P = 0.99) and prior treatment of current 
diagnosis (P = 0.86; Table 1) were not associated with online information seeking. 
In multivariable analysis, education in years (OR 1.2, 95% CI 1.0-1.3, P-value = 0.013) 
and involvement of the dominant upper limb (OR 2.2, 95% CI 1.0-4.6, P-value = 0.041) 
were independently associated with online information seeking behavior (Table 3).
 
Table 2. Characteristics of information seeking behavior among Hand and Upper 
Extremity patients who sought for health information online.

Variable (n=57)

Amount of hours spent, mean (SD)   3.4 (7.7)
Satisfaction with found information, mean (SD) 6.0 (2.4)
Perception of source credibility, mean (SD) 6.2 (2.2)
Perception of source quality, mean (SD) 6.5 (2.2)
Needed help from others, n (%)

Yes 10 (18)
No 47 (82)

Impact on treatment decision, (n%)
Yes 20 (36)
No 36 (64)

Table 3. Multivariable Analysis* - factors independently associated with information 
seeking behavior.

95% CI

Predictor Odds Ratio Standard Error Lower Upper P value
Education in years 1.2 0.07 1.0 1.3 0.013
Dominant side involved  
(ref = not involved)

2.2 0.82 1.0 4.6 0.041

*  Area under the receiver operating characteristic curve = 0.67; Pseudo R2, 0.062; P value for 
Hosmer–Lemeshow test, 0.49

DISCUSSION

Health information seeking may contribute to quality of care if patients have access to 
accurate and objective information that fits both the cognitive and emotional state of the 
patient.6 Regardless of mindset as well as circumstances and diagnosis, involvement 
of the dominant hand and more years of education were independently associated 
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with information seeking behavior in patients with hand and upper extremity illness. 
Condition-related (e.g. trauma-diagnosis or not) and psychosocial factors (e.g. PROMIS 
Depression score) were not associated with online information seeking.

Our study should be interpreted in light of its strengths and limitations. First, the 
cross-sectional design for this study cannot account for dynamic aspects of 
information seeking behavior.17 Second, asking our study participants for the number 
of hours they have spent looking for online health information regarding their current 
hand and upper extremity condition is susceptible to recall bias. Third, since our study 
sample is English-speaking and therefore likely to be relatively health literate based 
on prior research,18 our study sample might not effectively incorporate the possible 
negative effects of low health literacy on health information seeking behavior.19 
Fourth, our study sample is predominantly Caucasian and highly educated and the 
findings might not apply generally. We believe a larger and more heterogeneous cohort 
would also identify an effect of education on information seeking behavior, as this is 
consistent with prior research.20,21 Last, for pragmatic reasons we chose an electronic 
questionnaire assessment on a tablet. This might bias the responses of patients who 
are computer illiterate. However, the researcher opened the page for the patient, and 
assisted them with questionnaire completion, thereby largely negating the influence 
of being computer savvy or not.

The observed association between level of education and online information-seeking 
is consistent with studies on the characteristics of healthcare consumers and their 
need for health information.20,21 It is notable that psychological factors and diagnosis 
were not related to information seeking online given that prior studies on information 
seeking behavior of patients with chronic illness found that patients with a diagnosis 
of major depression are more likely to seek medical information online than patients 
with other long-standing illnesses.22-25 It may be that the relatively short duration of 
symptoms in our patients (median 9 weeks) may account for the differences between 
our study and prior studies of patients with more longstanding illness. We also noted 
no association between online information seeking and age, sex or race, while other 
studies of patients with chronic illness and cancer did.26-29 The difference in the 
information needs of the chronically ill or terminal patients compared to our study 
cohort might explain this. A recent study of adolescents with pain showed that only 
13% of the sample looked online for information regarding their condition and that — 
as in our study — pain intensity did not influence information-seeking behavior.30

In conclusion, we found that hand and upper extremity patients with dominant hand 
involvement and more years of education were more likely to seek health information 
online prior to their visit with a hand surgeon. As health information seeking is 
becoming an integral part of the modern-day clinical experience, efforts to make online 
information more appealing and useful to people of all education levels are merited.  
If such efforts are successful, patients of all backgrounds will be more informed, 
more aware of the preferences, and more prepared to discuss the options with their 
physicians. Despite the fact that patients might not accurately self-diagnose based 
on current online information, high quality web material has the potential to increase 
patient self-care and self-efficacy, decrease unwarranted variations in care, and 
increase satisfaction with care. Future studies might focus on whether information 
seeking behavior affects outcomes after hand and upper extremity surgery. 
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APPENDIX I

Online Information Seeking Questionnaire
This questionnaire contains a series of questions regarding your information seeking 
behavior. Please select the answer most appropriate for your situation.

1. Did you use the internet to search for information related to the condition that 
you are now seeking treatment for?

2. How many hours did you spend in total to consult your online source for 
information?

3. On a scale of 0 to 10, how satisfied are you with this information you found 
on the internet?  
0 = not at all satisfied, 10 = couldn’t be more satisfied

4. On a scale of 0 to 10, how credible do you find this information from the 
online source(s) you used?  
0 = not at all credible, 10 = couldn’t be more credible

5. On a scale of 0 to 10, how would you rate the quality of the information from 
the online source(s) you used?  
0 = quality couldn’t be worse, 10 = quality couldn’t be better

6. Did you need or use help from others to search for online information related 
to the condition you are seeking treatment for?

7. Did your search for online information influence your decision making for the 
treatment of the condition you are seeking treatment for?
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SUMMARY

Fracture of the distal radius (DRF) is one of the most common fractures in adults. 
The outcome of these wrist injuries is not only determined by the characteristics 
of the actual fracture, but is also influenced by concomitant intercarpal ligament 
injury, accompanying nerve injury, and psychosocial factors that affect how patients 
perceive and interpret recovery and care.

Part I: the injured distal radius and ulna

Chapter 1.  The Effect of Vitamin C on Finger Stiffness After Distal Radius 
Fractures: a Placebo-Controlled Randomized Controlled Trial 

This chapter comprises a pragmatic double-blind randomized placebo-controlled 
trial that measured the effect of vitamin C on objective measures of finger motion, 
self-reported disability, and pain in patients with a distal radius fracture. We included 
134 patients who presented within two weeks of DRF and randomized them into 
taking 500 mg of vitamin C or placebo once a day for six weeks after their fracture. 
We found that, at six weeks, there was no significant difference in finger stiffness 
(measured by distance to palmar crease, finger range of motion, and thumb range of 
motion) between patients taking vitamin C and patients taking placebo pills. There 
was also no difference in self-reported upper extremity function or pain scores 
between these two groups at six weeks or at six months. 

The only factor associated with greater functional limitations at six weeks (β -0.32; 
CI -0.52 to -0.12; P 0.002) and six months (β -0.36; CI -0.60 to -0.11; P 0.004) after 
fracture was pain interference. We concluded that vitamin C does not facilitate 
recovery from DRF and should therefore not be prescribed for this purpose. Other 
factors such as nurturing more adaptive coping strategies merit additional attention 
for facilitating recovery from injury.

Chapter 2.  Distal Radius Fractures: Evaluation of Closed Reduction and 
Percutaneous Kirschner Wire Pinning 

In chapter 2, we describe a series of 34 patients who received closed reduction 
and percutaneous pinning (CRPP) by the same surgeon for treatment of their 
DRF. We aimed to describe range of motion in terms of forearm rotation and wrist 
flexion/extension in these patients. We assessed their medical charts and recorded 
demographics, trauma and treatment characteristics, radiographic characteristics, 
and outcomes. We found that all patients had a good or excellent range of motion 
regarding forearm rotation, and almost 80% had good or excellent range of motion 
regarding flexion or extension of their wrist. One patient had a concern for pin tract 
infection, and one patient had subcutaneous migration of a pin, which were both 
treated by pin removal. We concluded that CRPP is a good option in patients with 
few and sizeable fracture fragments in patients with a distal radius fracture, and 
should be considered as an effective tool to restore radiographic parameters and 
functional outcomes. 
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Chapter 3.  Ulnar Neck Fractures Associated With Distal Radius Fractures 
In this chapter, we aimed to study the incidence of unplanned surgeries after operative 
and non-operative treatment of distal metaphyseal ulna fractures associated with 
DRF. We used a large multi-institutional database to identify 277 patients with an 
ulnar neck fracture associated with DRF. Fifty-six (20%) ulnar neck fractures were 
initially treated operatively and six of these 56 (11%) had a second, unplanned 
surgery. Of the 221 initially non-operatively treated fractures only one (0.45%) had 
a subsequent unplanned surgery that seems unrelated to the fracture. Bivariate 
analysis showed that younger age, open fracture, multifragmentary fractures and 
initial operative treatment of the ulnar neck fracture were significantly associated 
with unplanned surgery. A multivariable analysis was not feasible due to the small 
number of unplanned surgeries. We found that the distal ulna aligns adequately 
when the distal radius is aligned and fixed with a plate and screws and uncommonly 
creates problems leading to surgery after initial nonoperative treatment. Additional 
research with larger cohorts might help determine if there is a subset of ulnar neck 
fractures associated with distal radius fractures that might benefit from operative 
treatment.

Part II: the injured carpal ligaments

Chapter 4.  Radiographic Diagnosis of Scapholunate Diastasis in Distal 
Radius Fractures: Implications for Surgical Practice

The goal of chapter 4 was to evaluate to what extent radiographic diagnosis of 
scapholunate (SL) diastasis by a radiologist influences surgical decision-making 
regarding treatment of SL injury in patients who were operatively treated for their DRF. 
We used a large database and identified 2923 patients who had operative treatment 
of their DRF. Of those, 200 (6.8%) received a radiological diagnosis of SL diastasis 
on radiographs. Seven of those patients (3.5%) had confirmed scapholunate injury 
by the treating surgeon. Four patients (2%) received operative treatment of their SL 
injury. We concluded that the threshold to identify suspicion of SL injury in the setting 
of DRF is much lower for radiologists than for surgeons and that the radiographic 
diagnosis of SL injury is challenging and often does not seem to correspond with 
clinical concerns by the treating surgeons. 

Chapter 5.  Scapholunate Diastasis in Distal Radius Fractures:  
Fracture Pattern Analysis on CT-scans

Most of the published data on DRF with concomitant SL diastasis is based on 
interpretation of radiographs and arthroscopy. In chapter 5, we aimed to describe 
DRF characteristics of 26 patients who had a CT-scan with a wrist-protocol and 

static SL diastasis on their CT scan. The mean SL distance was 3.5 ± 1.1 mm. 
Twenty patients (77%) had an intra-articular fracture. In these patients, we observed 
three patterns: (1) scaphoid facet impaction; (2) lunate facet impaction; and (3) no 
relative impaction. We also described other injury elements such as rotation of the 
radial styloid relative to the lunate facet and partial carpal subluxations. This study 
showed that static SL-dissociation in the setting of distal radius fractures may be 
an indication of a complex injury of the distal radius, which may not be directly 
apparent on plain radiography. If these radiographs do not demonstrate impaction 
of the lunate or scaphoid facet, a CT-scan may be warranted to have a more detailed 
view of the articular surface.

Chapter 6.  Dorsal Extrinsic Ligament Injury and Static Scapholunate 
Diastasis on Magnetic Resonance Imaging Scans

SL ligament injury may not always lead to radiographical SL diastasis or dissociation 
on arthroscopy if the extrinsic ligaments are still intact. In this chapter, we aimed to 
identify whether patients with a SL gap larger than 2 mm demonstrated concomitant 
dorsal radiocarpal (DRC) and/or dorsal intercarpal (DIC) ligament injury changes on 
MRI. We analyzed the post-traumatic MRI-scan of 90 patients who were diagnosed 
with SL injury. Two radiologists evaluated the integrity of the SL-, the DRC-, and the 
DIC ligaments and the presence of a scapholunate gap. Over half (n=48, 53%) of the 
patients had an SL distance ≥ 2mm on MRI. Of these patients, 28 (58%) had a partial 
or total tear of their DIC and/or DRC ligaments. We found that the dorsal extrinsic 
ligaments demonstrate MRI signal change suggestive of acute or chronic injury in 
patients with an SL interval ≥ 2mm more often than in patients with an SL interval < 
2mm: compared to patients with an SL interval < 2mm, patients with an SL interval ≥ 
2mm more often demonstrated DIC signal change (31% vs 12%), DRC signal change 
(52% vs 14%), or combined or isolated DIC- and/or DRC signal change (58% vs 21%). 
These results reinforce that the MRI findings of “scapholunate ligament tear” needs 
to be interpreted in a larger context, perhaps with additional attention to the DIC and 
DRC appearance on MRI. In addition, MRI evaluation of the dorsal extrinsic ligaments 
may aid in the clinical decision making for patients with SL-injury.
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Part III: the injured median nerve

Chapter 7.  Surgical Decision Making in Median Neuropathy Associated 
With Distal Radius Fractures 

There are international differences in how surgeons treat acute median neuropathy 
(AMN) in DRF. In chapter 7, we evaluated the international differences in surgical 
considerations and practices related to carpal tunnel release in the setting of 
DRF. We approached surgeons who were a member of the Orthopaedic Trauma 
Association (USA) or of the Dutch Trauma Society (the Netherlands) and asked 
them to provide sociodemographic information and information on their surgical 
practice regarding carpal tunnel release in the setting of distal radius fractures. We 
analyzed the surveys of 127 respondents and found that surgeons from the USA 
are more often of the opinion that displaced DRF’s are at risk of developing acute 
carpal tunnel syndrome than Dutch surgeons. Surgeons from the USA also consider 
persistent paresthesia in the median nerve distribution after closed reduction to 
be a surgical emergency less often and are more likely to perform a CTR if there 
are signs of acute carpal tunnel syndrome in the setting of a distal radius fracture. 
We speculate that these differences are due to a lack of solid evidence regarding 
CTR during surgical treatment of distal radius fractures. It is challenging to define 
which patients will benefit from a carpal tunnel release during open reduction and 
internal fixation of their distal radius fracture. Hopefully, future research will reduce 
surgeon-to-surgeon variability in the treatment of this injury and guide surgeons 
in making appropriate evidence-based decisions in their considerations regarding 
acute median neuropathies in the setting of distal radius fractures. 

Part IV: the injured patient

Chapter 8.  The Effect of Priming With Questionnaire Content on Grip 
Strength in Patients With Hand and Upper Extremity Illness

Despite an increasing understanding on the effect of priming on patient reported upper 
extremity function, the influence of priming can be better understood by determining 
if it also affects direct measurements of hand function such as grip strength 
measures. In chapter 8, we assessed the influence of priming patients through 
positive phrasing of questionnaire content on performance measurements such 
as grip strength between patients who complete the standard Pain Catastrophizing 
Scale (PCS) compared to patients who complete a positively adjusted PCS. we 
enrolled 122 patients who presented to three hand surgeons at three outpatient 
offices. They were randomized to two groups: the control group, which completed 
the PCS and the intervention group, which completed a positively phrased version 

of the PCS. Before and after completion of the questionnaire, we measured each 
patient’s grip strength three times by alternating between hands. Two patients were 
excluded after participation. We calculated both the pre- and post-intervention mean 
and maximum grip strengths. We found no significant difference between groups 
on mean or maximum grip strength before completion of the questionnaires. There 
was a greater improvement in mean grip strength of both hands in the intervention 
group compared to the PCS group. This improvement was statistically significant 
in the affected hand. The maximum grip strength showed a statistically significant 
greater improvement in both hands in the positive PCS group compared to the 
control group. We concluded that positive priming through a questionnaire leads to 
an increase in mean and maximum grip strength when compared to the standard 
questionnaire that uses negative terms rather than positive. It is important for 
physicians to understand that priming by word choice might be an instrument in 
facilitating recovery. 

Chapter 9.  Associations Between Pain Catastrophizing and Cognitive 
Fusion in Relation to Pain and Upper Extremity Function 
Among Hand and Upper Extremity Surgery Patients 

There is a body of literature suggesting that cognitive fusion and catastrophic 
thinking about pain together are associated with poorer pain outcomes. In chapter 
9, we aimed to identify factors associated with cognitive fusion and catastrophic 
thinking about pain among hand surgery patients, and to examine whether patients 
who score higher on these two measures report greater levels of pain intensity and 
reduced upper extremity function. We included 110 patients presenting seeking 
care from a hand surgeon at an outpatient hand surgery practice in this prospective 
study. They provided computerized measures of sociodemographics, pain intensity, 
cognitive fusion, catastrophic thinking about pain, and upper extremity function. 
ANCOVA revealed an interaction between cognitive fusion and catastrophic thinking 
about pain with respect to pain intensity and upper extremity function (ps < .01). 
Participants who scored high on both cognitive fusion and catastrophic thinking 
about pain reported the greatest levels of pain, relative to those who scored high 
on a single measure. The lowest levels of upper extremity function were also 
observed among those who scored high on both catastrophic thinking about pain 
and cognitive fusion. A similar pattern of results was observed when we tested each 
catastrophizing subscale individually. This means that maladaptive cognitions about 
pain (i.e., catastrophic thinking) may be particularly problematic when interpreted as 
representative of reality (i.e., cognitive fusion). Based on our findings, we conclude 
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that psychosocial interventions addressing catastrophic thinking about pain and 
cognitive fusion concurrently merit investigation among people with hand and upper 
extremity illness.  

Chapter 10.  Online Health Information Seeking in Hand and Upper 
Extremity Surgery 

An increasing number of patients gather information prior to their visit to a hand 
surgeon. Information gathering is a key component of shared decision-making 
and has a measurable effect on treatment decisions. In this chapter, we aimed to 
identify sociodemographic, condition-related, and psychosocial factors associated 
with online information seeking behavior in patients with hand and upper extremity 
conditions. We enrolled 134 patients with an upper extremity condition who 
presented to an outpatient hand surgery office at an urban level I trauma center in 
this cross-sectional study. The participants provided sociodemographic information 
and completed online questionnaires assessing their online information seeking 
behavior, pain intensity, symptoms of depression, pain interference, and an upper 
extremity specific patient reported outcome measure (PROMIS-UE). Of the 134 
patients, 57 patients (43%) sought information regarding their condition online prior 
to their visit. Compared to patients with no online information seeking behavior, 
patients that sought information online were more educated. Psychosocial and 
condition-related factors were not associated with online information seeking. In 
multivariable analysis, education in years and involvement of the dominant upper 
limb were independently associated with online information seeking behavior.

We concluded that efforts to increase patient self-care and self-efficacy, improve 
shared decision making, and reduce surgeon-to-surgeon variations in care might 
focus on improved awareness, access, and appeal of quality online health information 
for people with less education.  
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Friends
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Serkan dayım, je bent al sinds jongs af aan een voorbeeld voor mij en dat ben je nog 
steeds. Van samen Mobb Deep en Nas luisteren op je zolderkamer naar waar we nu 
zijn, gurur duyuyorum senden. Meryem yengem, iyiki varsın! 

Kamer teyzem, Nebi eniştem. Sizin sevginiz zor günlerde her zaman sıcak tutuyordu 
beni. Çocukluğumdan beri, hep hazırsınız. Volkan, Cansu. We zien elkaar veel minder 
sinds we drukke grote mensen zijn maar sizi çok seviyorum. Dat jullie op bezoek 
kwamen in Boston heeft echt veel voor me betekend.

Serap yengem ve Aydın amcam. Hep aradınız, hiç yalnız bırakmadınız beni. Dank je 
wel voor dat jullie er altijd zijn. Güzel insanlar.

Muharrem amca, Serpil teyze. Her zaman hazırdınız bana ve ben her zaman size 
hazırım. Iyiki varsınız!

Mücahit Yalanız 
Bro, ik kan jou alleen maar onder ‘familie’ plaatsen want dat is waar jij hoort man. 
Je bent de meest echte spiegel die ik heb en ik zal dat ook altijd voor jou proberen 
te zijn. Ik ben steeds meer richting stationcar aan het gaan als ik zo naar mijn meer 
recente levenskeuzes kijk, maar dat jij 100% in die Lambo gaat rijden maakt het weer 
goed. Dank je wel voor dat je er altijd onvoorwaardelijk voor me bent, zowel tijdens 
deze PhD als daarbuiten. Gurur duyuyorum seninle. Aslanım.
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Berkan Özkan 
Lieve Berkoș. Je bent één van de belangrijkste mensen op deze wereld voor mij. 
Sen beni tam tanıyorsun en mijn mooiste herinneringen zijn met jou. Door deze PhD 
heb ik veel mooie momenten moeten missen, waaronder mijn nieuwe zusje Șeyma, 
maar we gaan het allemaal samen inhalen. Ben trots op jou en op dat ik jouw broer 
ben. Her zaman hazırım senin için. 

Șahbaz Sır 
Dede’ciğim. Sen 50 sene önce seçtiğin seçimleri yapmasaydın ben olduğum yerlerde 
olamazdım. Senden çok gurur duyuyorum. Iyiki dedemsin. Amerika’da olarken 
seninle ve anneannemle Facetime yapmak bana çok mutluluk veriyordu, sanki 
yanımdaydınız. Bir gün gelecek tekrar onun da yanında olacağiz.

Dayilarim, teyzelerim, kuzenlerim 
Hepinizi tek tek çok seviyorum. Iyiki varsınız. 

Özcan dayım, ik heb me zelfs nog moeten haasten om eerder dan jij te promoveren! 
Ben echt heel trots op je en dankbaar voor je onvoorwaardelijke steun. Ik hoop dat ik 
net zo een goede dokter word als jij. Ben blij dat je mijn oom bent. Nezihat yengem, 
dank je wel voor al je bemoedigende woorden altijd, ik geniet altijd ontzettend van 
je gezelschap! 
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