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Abstract

BACKGROUND/AIMS: To evaluate the radiological and functional effectiveness of repeated closed reduction in patients who developed early 
loss of reduction at the 48-hour follow-up after an initially successful closed reduction for fifth metacarpal neck fractures, and to examine its 
association with surgical treatment decisions.

MATERIALS AND METHODS: This retrospective matched cohort study included 200 adult patients with isolated, closed fifth metacarpal neck 
fractures who underwent closed reduction at a tertiary orthopedic center between January 2023 and December 2024. Patients were divided into 
two equal groups: the (single reduction group, n=100) and the [re-reduction group (RRG), n=100], based on whether they underwent a second 
closed reduction due to early loss of initially acceptable radiographic alignment detected at the 48-hour follow-up. Matching was performed 1:1 
on the basis of age and sex. Radiological parameters-including dorsal angulation and metacarpal shortening-were measured at six time points 
during follow-up. Functional outcomes were assessed using Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) scores, grip strength, 
and joint range of motion. Surgical conversion rates were analyzed, and multivariate logistic regression was used to identify independent 
predictors of surgical intervention.

RESULTS: Initial angulation and shortening were comparable between the groups. However, the RRG exhibited significantly greater deformity 
at the 4th and 6th weeks, with higher angulation (p=0.007 and p<0.001, respectively) and more pronounced shortening (p=0.001 and p=0.009, 
respectively). At 6 weeks, QuickDASH scores were significantly worse in the RRG (p=0.002), though this difference was no longer statistically 
significant by 6 months. Flexion and extension angles were consistently more restricted in the RRG. Importantly, multivariable firth-penalized 
logistic regression identified initial shortening as the only independent predictor of surgical intervention, while angulation parameters did not 
retain statistical significance after adjustment.

CONCLUSION: Repeated closed reductions for early loss of alignment do not consistently improve outcomes and may be associated with delayed 
union. Longitudinal evaluation of angulation and shortening provides better clinical guidance than single-time-point assessments; however, 
among these parameters, initial shortening appears to be the most reliable independent predictor of eventual surgical intervention.
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INTRODUCTION

Fractures of the fifth metacarpal neck account for a substantial portion 
of hand injuries and represent the most common type of metacarpal 
fracture, particularly among young and active individuals.1,2 These 
injuries usually result from direct trauma and most frequently affect the 
non-dominant hand.3 Although they often present with mild angulation 
and shortening, they may, in some cases, lead to significant deformity, 
functional limitations, and cosmetic concerns.2,4 Therefore, treatment 
decisions should be based not only on radiographic findings but also 
on patient-specific factors such as age, occupation, and functional 
demands.

Closed reduction followed by immobilization is often the first-line 
treatment option.4-6 However, maintaining the alignment achieved 
after reduction can be challenging. Loss of reduction, which refers to 
the gradual displacement of the fracture during follow-up, has been 
reported in 20% to 30% of cases in the literature.2 Studies have shown 
that increased angulation or shortening after reduction can negatively 
affect functional outcomes. In particular, angulations exceeding 
30 degrees have been associated with reduced grip strength, while 
shortening greater than 2 millimeters may limit finger mobility.2,7,8 
This highlights the importance of ensuring the stability of the fracture 
position throughout the follow-up period, not just immediately after 
the initial reduction.

In cases of loss of reduction, repeated attempts at closed reduction 
are often performed to correct the deformity and avoid surgical 
intervention.9-11 However, the actual functional benefit of these 
additional procedures and their contribution to fracture healing 
remain uncertain. Existing studies on this topic are limited in number 
and often involve small, heterogeneous patient populations.4,6,10 

Furthermore, the progression of angulation and shortening over time 
and their implications for clinical decision-making have not been clearly 
defined.8,12 This uncertainty makes it difficult to determine whether 
follow-up decisions are consistently supported by objective evidence.

This study aims to evaluate the radiographic and functional 
effectiveness of repeated attempts at closed reduction in patients 
with loss of reduction following fifth metacarpal neck fractures. It also 
seeks to analyze the relationship between these interventions and the 
decision to proceed with surgical treatment.

MATERIALS AND METHODS

Study Design and Patient Selection

This retrospective, comparative cohort study was conducted at a tertiary 
orthopedic referral center characterized by high patient turnover and 
a substantial trauma workload. Approval was obtained Eskişehir City 
Hospital Institutional Review Board Ethics Committee (approval no: 
ESH/BAEK 2025/114, date: 20.02.2025). All patients aged 18 years and 
older who presented to the emergency department with isolated, 
closed fifth metacarpal neck fractures and underwent closed reduction 
between January 2023 and December 2024 were retrospectively 
reviewed using the hospital’s electronic medical records. Inclusion 
criteria were as follows: age over 18 years, diagnosis of an isolated, 
closed fracture of the fifth metacarpal neck, and initial management 
with closed reduction in the emergency department. Exclusion criteria 
included age under 18, open fractures, intra-articular extension of the 
fracture, associated traumatic injuries in the same upper extremity, 

prior fractures or surgical interventions in the same hand, and 
insufficient clinical or radiographic data before or after the reduction. 
After excluding cases that met any of these criteria, 200 patients were 
included in the final analysis. Patients were divided into two groups 
based on their reduction strategy: those who underwent a single 
closed reduction were assigned to the “single reduction group (SRG),” 
while those who achieved acceptable alignment after the initial closed 
reduction but demonstrated early loss of reduction at the 48-hour 
follow-up and therefore underwent a second closed reduction were 
assigned to the “re-reduction group (RRG)”. Each group consisted of 100 
patients. One-to-one matching was performed based on age and sex to 
ensure comparability between groups. In cases with multiple eligible 
matches, the SRG patient whose reduction date was closest to that of the 
RRG patient was selected. This matching strategy was used to minimize 
the influence of potential confounders such as age and sex, thereby 
enhancing the internal validity of the comparative analyses. In addition 
to age and sex, baseline fracture characteristics, considered proxies for 
fracture severity and instability, were recorded for all patients. These 
included initial dorsal angulation, initial metacarpal shortening, 
rotational deformity, dominant-hand involvement, and mechanism 
of injury. These variables were used to assess baseline comparability 
between groups and to account for potential confounding by indication 
in subsequent analyses. Data collected retrospectively from the 
hospital’s digital records included age, sex, duration of follow-up, time 
to union, hand dominance, mechanism of injury, conversion to surgical 
treatment, and complications.

Treatment and Follow-Up Protocol

All reduction procedures were performed in the emergency department 
by attending orthopedic specialists, using flexion, ulnar deviation, 
and dorsal pressure maneuvers.4 Following reduction, a splint was 
applied to immobilize the wrist and metacarpals, with the wrist 
placed in slight extension and the metacarpophalangeal (MCP) joints 
at 90 degrees of flexion. Immediately after the initial reduction, post-
reduction radiographs were obtained to confirm acceptable alignment. 
For clarity, radiographic time points were defined as follows: “initial” 
referred to the pre-reduction radiograph obtained at first presentation; 
“post-reduction” referred to the immediate radiograph obtained after 
the first closed reduction; and “48-hour” referred to the reassessment 
radiograph obtained approximately 48 hours after the first reduction. 
Post-reduction radiographs were assessed for residual angulation, 
metacarpal shortening, and rotational deformity at the neck of the 
fifth metacarpal. All patients were re-evaluated within 48 hours after 
the initial reduction. Radiographic and clinical findings at this time 
were assessed according to predefined objective criteria. Early loss of 
acceptable alignment at the 48-hour follow-up was defined by any of 
the following: dorsal angulation greater than 30° on lateral radiographs, 
metacarpal shortening exceeding 3 mm at the fracture site, or clinically 
observed rotational deformity identified by digit misalignment during 
fist formation.6,10 Patients demonstrating early loss of reduction based 
on these criteria underwent a second closed reduction (re-reduction) 
within 48 hours of the initial procedure. Subsequently, all patients were 
followed up at the orthopedic outpatient clinic at 1, 4, and 6 weeks and 
at 6 months. Clinical follow-up assessed pain, swelling, range of motion 
(ROM), and cast tolerance, whereas radiographic follow-up monitored 
angulation and metacarpal length. Surgical intervention was considered 
if follow-up findings exceeded predefined anatomical thresholds. These 
included dorsal angulation over 30° on lateral radiographs, shortening 
greater than 3 mm, persistent rotational deformity, significant range-of-
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motion limitation, or ongoing pain resulting in functional impairment.4,6 
Decisions to proceed with surgery were based on standardized criteria 
and were not influenced by individual physician preference. Surgical 
treatment options included intramedullary pin fixation or internal 
fixation with miniplates and screws.

Radiological and Clinical Assessment

Standard posteroanterior and lateral hand radiographs were obtained at 
five time points: within the first 48 hours after reduction and at follow-
up visits scheduled for week 1, week 4, week 6, and month 6. On lateral 
radiographs, the degree of dorsal angular deformity and metacarpal 
shortening were measured using digital radiographic analysis software. 
Dorsal angulation was defined as the angle between the longitudinal axis 
of the fifth metacarpal shaft and the axis of the distal fracture fragment 
on true lateral radiographs.1 Metacarpal shortening was measured on 
posteroanterior radiographs as the linear distance between the distal 
articular surface of the fractured fifth metacarpal and that of the 
adjacent fourth metacarpal, expressed in millimeters.4 All radiological 
measurements were performed independently by two orthopedic 
surgeons who were blinded to group allocation and unaware of the 
study protocol. In cases of discrepancy between the two observers, the 
relevant images were re-evaluated by a third orthopedic specialist, whose 
assessment was accepted as final. Radiographs obtained after surgical 
fixation were not included in the longitudinal radiographic analyses 
of angulation and metacarpal shortening. Surgical intervention was 
treated as a censoring event for longitudinal radiographic outcomes; 
only preoperative follow-up radiographs were analyzed. Accordingly, 
longitudinal radiographic analyses were conducted using a per-
protocol rather than an intention-to-treat approach, as postoperative 
imaging reflects a different treatment pathway and is not biologically 
comparable to non-operative  follow-up.

ROM was assessed at the 6-week and 6-month follow-up visits. 
Measurements were based on patients’ active motion and included 
flexion and extension angles of the fifth MCP and proximal 
interphalangeal (PIP) joints. All ROM measurements were performed 
using a standard plastic goniometer, with patients seated and hands 
positioned neutrally on a flat surface. Each joint angle was measured 
three times, and the mean value was used for analysis.

Functional outcomes were evaluated using the Quick Disabilities of 
the Arm, Shoulder and Hand (QuickDASH) score, which was recorded 
at both the 6-week and 6-month follow-up visits.13 This allowed 
comparison between early post-reduction function and mid- to long-
term outcomes. In addition, grip strength was assessed as part of the 
functional evaluation at the 6-month follow-up. Measurements were 
obtained with patients seated, shoulders in neutral rotation, elbows at 
90° flexion, forearms in neutral rotation, and wrists positioned between 
0-30° of extension and 0-15° of ulnar deviation. A calibrated digital 
hand dynamometer (Baseline® Digital Dynamometer, Fabrication 
Enterprises Inc., White Plains, NY, USA) was used. Only the injured hand 
was evaluated; three consecutive trials were performed, and the highest 
value was used for analysis.

Complications that occurred during the follow-up period were assessed 
retrospectively through medical records and outpatient documentation. 
Stiffness was defined as a total active flexion arc <180° or a persistent 
extension deficit >20° at the MCP and/or PIP joints at the 6-month 
follow-up.2,12 Malunion was defined as persistent deformity at 6 months-

specifically, ≥30° of dorsal angulation or ≥3 mm of metacarpal shortening-
when compared to the 6-week radiographic findings.2 Nonunion was 
defined as the absence of radiographic continuity at the fracture site and 
persistent tenderness on palpation at 12 weeks post-injury.2

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26 
(IBM Corp., Armonk, NY) and R software (version 4.3.2; R Foundation 
for Statistical Computing, Vienna, Austria). Before data collection, an 
a priori power analysis was performed using G*Power software based 
on the mean and standard deviation values reported in comparable 
studies. This analysis demonstrated that a total sample size of 200 
participants would provide sufficient statistical power to detect clinically 
relevant differences between study groups.

Because the distribution of continuous variables was predominantly 
nonparametric, between-group comparisons were conducted using 
the Mann-Whitney U test. At the same time, within-group paired 
evaluations were performed using the Wilcoxon signed-rank test. For 
repeated measurements involving more than two time points, the 
Friedman test was applied, followed by Bonferroni-corrected post-hoc 
pairwise comparisons. Categorical variables were assessed using chi-
square or Fisher’s exact tests, as appropriate. Interobserver reliability of 
radiological measurements was evaluated using intraclass correlation 
coefficients (ICCs).14

Following completion of the study, post hoc effect size calculations 
were performed for variables that showed statistically significant 
between-group differences. Effect sizes (r) derived from Mann-Whitney 
U test results averaged 0.245, corresponding to a Cohen’s d value of 
approximately 0.52. Based on this effect size, the study’s statistical power 
exceeded 90%, supporting the robustness of the observed differences.

Multivariable modeling was used to adjust for proxies for baseline 
fracture severity, alongside re-reduction status, to account for potential 
confounding by indication. For regression modeling, all candidate 
predictors were initially screened by univariable logistic regression. In 
accordance with established purposeful selection strategies, variables 
with univariable p-values <0.25 were considered for multivariable 
modeling, depending on the selection methods. Because the number of 
surgical events led to an events-per-variable below the recommended 
threshold of 10, conventional logistic regression was considered 
suboptimal because of the risk of overfitting. Therefore, a firth-penalized 
logistic regression model was applied using the logistf package in R to 
reduce small-sample bias and obtain reliable coefficient estimates. 
Odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were 
reported, and a p-value <0.05 was considered statistically significant.

RESULTS

Demographic and general clinical characteristics of the study groups 
are summarized in Table 1. The groups were statistically comparable 
in terms of age, sex, hand dominance, mechanism of injury, final 
treatment decisions, and complication rates. However, both the overall 
follow-up duration and time to fracture union were significantly longer 
in the RRG (p=0.018 and p<0.001, respectively).

Functional and clinical outcome measures are presented in Table 2. 
At the 6-month follow-up, there was no significant difference in grip 
strength between the groups. Regarding QuickDASH scores, patients in 
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the RRG had significantly higher values at 6 weeks (p=0.002), indicating 
worse function; however, the magnitude of this early difference was 
slightly below the distribution-based estimate of the minimal clinically 
important difference (Table 3) and should therefore be interpreted as 
having limited clinical relevance. This difference was not statistically 
significant at 6 months (p=0.075). In terms of joint ROM, both flexion 
and extension angles were significantly more restricted in the RRG at 
both 6 weeks and 6 months (p<0.001, p=0.023, p=0.045, and p<0.001, 
respectively).

Radiological assessments using conventional between-group 
comparisons demonstrated that initial post-traumatic and immediate 
post-reduction angulation values were comparable between groups 

(Table 4). However, during follow-up, angulation values were 
significantly higher in the RRG at the 4- and 6-week time points 
(p=0.007 and p<0.001, respectively). Similarly, metacarpal shortening 
measurements at weeks 1, 4, and 6 were significantly greater in the 
RRG (p=0.001, p<0.001, and p=0.009, respectively). At the 6-month 
follow-up, no significant differences were observed between groups in 
angulation or shortening.

To formally evaluate whether radiological trajectories differed between 
groups over time, a linear mixed-effects model (LMM) was applied. The 
model included group, follow-up time, and their interaction as fixed 
effects, with a random intercept for each patient to account for within-
subject correlation across repeated measurements.

The LMM revealed a significant group×time interaction for angulation 
[F (5, 155.3)=3.31, p=0.007], indicating that the temporal evolution 
of angulation differed between the two groups. Although early post-
reduction angulation values were similar, the RRG demonstrated a 
steeper increase during early follow-up, with the greatest divergence 
observed around the 4-week assessment (Figure 1a). In addition, 
significant main effects of group (p=0.037) and time (p<0.001) were 
observed.

Likewise, the LMM demonstrated a significant group×time interaction 
for metacarpal shortening [F(5, 21.5)=4.40, p=0.007)], indicating that 
shortening trajectories differed between groups. While immediate 
post-reduction values were comparable, the RRG exhibited greater 
shortening during the early follow-up period, particularly at the 1-week 
and 4-week time points (Figure 1b). Significant main effects of group 
(p=0.044) and time (p<0.001) were also identified.

Variables associated with surgical referral in the univariable analysis are 
presented in Table 5. Initial shortening and all angulation parameters, 
measured immediately after reduction and during follow-up (weeks 
1, 4, and 6), showed statistically significant associations with surgical 
intervention in univariable models (all p<0.05). In accordance with 
the purposeful selection strategy, variables with a univariable p-value 
<0.25 were included in the multivariable model. In addition, shortening 
at 1 week (p=0.261) was retained because of its borderline statistical 
significance and clinical relevance. In the multivariable Firth-penalized 
logistic regression model, initial shortening was the only independent 
predictor of surgical intervention (OR) =1.253; 95% (CI): 1.014-1.446; 
p=0.036. None of the angulation parameters-including initial, post-
reduction, and measurements at weeks 1, 4, or 6-remained significant 
after adjustment (all p>0.05). Similarly, postoperative shortening 
parameters (post-reduction and weeks 1, 4, and 6) did not independently 
predict surgical referral in the adjusted model (all p>0.05). Dominant-
hand involvement approached statistical significance (OR =0.490; 
p=0.076), but did not reach the threshold for independent association. 
Overall, initial shortening emerged as the sole radiological factor 
independently associated with the decision to proceed with surgery.

Receiver operating characteristic analysis demonstrated that initial 
shortening had a modest but statistically significant ability to 
discriminate patients who required surgical intervention (AUC =0.645, 
95% CI: 0.558-0.732, p=0.004) (Figure 2). A cutoff value of approximately 
2.5 mm provided a more balanced sensitivity (65.1%) and specificity 
(55.4%), suggesting potential clinical utility for risk stratification rather 
than definitive decision-making.

Table 1. Baseline demographic and clinical characteristics of the groups

Parameters
SRG  
(n=100)

RRG  
(n=100)

p-value

Age (years) 29.02±8.23 29.71±8.31 0.541*

Follow-up duration (weeks) 10.48±3.14 11.45±2.76 0.018*

Union time (weeks) 7.55±2.13 9.19±1.91 <0.001*

Gender 0.721**

	 - Male, n (%) 79 (79%) 82 (82%)

	 - Female, n (%) 21 (21%) 18 (18%)

Dominant hand, n (%) 76 (76%) 71 (71%) 0.423**

Final treatment 0.491**

	 - Surgery, n (%) 19 (19%) 24 (24%)

	 - Conservative, n (%) 81 (81%) 76 (76%)

Mechanism of injury: 0.604***

	 - Fall, n (%) 23 (23%) 19 (19%)

	 - Traffic accident, n (%) 9 (9%) 6 (6%)

	 - Sportive activity, n (%) 10 (10%) 8 (8%)

	 - Punch, n (%) 58 (58%) 67 (67%)

Complications: 0.601***

	 - Stiffness, n (%) 7 (7%) 9 (9%)

	 - Malunion, n (%) 7 (7%) 12 (12%)

	 - Nonunion, n (%) 1 (1%) 1 (1%)

*Mann-Whitney U test, **Chi-square test, ***Monte Carlo chi-square test.
SRG: Single reduction group, RRG: Re-reduction group.

Table 2. Functional and clinical outcomes

Parameters SRG (n=100) RRG (n=100) p-value

Grip strength (kg) 44.14±8.60 43.49±7.85 0.324*

QuickDASH, 6th week 31.52±6.99 34.84±7.11 0.002*

QuickDASH, 6th month 6.83±4.65 7.73±4.28 0.075*

p-value intergroup 0.001** 0.001**

Flexion (°), 6th week 69.05±10.07 62.60±10.16 <0.001*

Flexion (°), 6th month 86.80±6.22 85.05±5.75 0.023*

p-value intergroup 0.001** 0.001**

Extension (°), 6th week 6.35±4.54 5.10±4.02 0.045*

Extension (°), 6th month 9.17±4.15 4.95±4.47 <0.001*

p-value intergroup 0.001** 0.001**

*Mann-Whitney U test, **Wilcoxon test.
SRG: Single reduction group, RRG: Re-reduction group, QuickDASH: Quick Disabilities of 
the Arm, Shoulder and Hand.
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Table 4. Evolution of angulation and shortening across follow-up in both groups

Parameters SRG (n=100) RRG (n=100) p-value

1. Angulation (°), initial 44.83±9.00 45.03±7.86 0.773*

2. Angulation (°), post-reduction 9.42±3.62 9.39±3.22 0.813*

3. Angulation (°), 1st week 11.22±4.38 12.32±4.76 0.212*

4. Angulation (°), 4th week 13.12±5.34 15.55±5.72 0.007*

5. Angulation (°), 6th week 4.93±3.69 6.83±3.46 <0.001*

6. Angulation (°), 6th month 5.04±3.68 5.60±2.87 0.125*

Intragroup comparison in different time intervals.
p=0.583** (5-6)

p<0.05**, other comparisons
p<0.05** for all comparisons

1. Shortening (mm), initial 2.64±1.85 2.52±1.53 0.702*

2. Shortening (mm), post-reduction 1.06±0.79 1.06±0.72 0.969*

3. Shortening (mm), 1st week 1.58±1.02 2.08±0.97 <0.001*

4. Shortening (mm), 4th week 1.22±1.01 1.84±1.08 <0.001*

5. Shortening (mm), 6th week 1.35±1.12 1.71±1.05 0.009*

6. Shortening (mm), 6th month 1.30±1.19 1.54±1.11 0.101*

Intragroup comparison in different time intervals.

p=0.314** (4-5)

p=0.683** (5-6)

p<0.05**, other comparisons

p=0.130** (2-3)

p=0.276** (4-5)

p=0.219** (5-6)

p<0.05**, other comparisons

*Mann-Whitney U test, **Friedman test with post-hoc Bonferroni-corrected comparisons.
SRG: Single reduction group, RRG: Re-reduction group.

Table 3. Distribution-based MCID context for QuickDASH between-group differences

Parameters
SRG

(n=100)

RRG

(n=100)
Between-group 
difference

MCID_est (0.5× SD_
pooled)

Interpretation vs. 
MCID

6th week 31.52±6.99 34.84±7.11 +3.32 3.53 Borderline

6th month 6.83±4.65 7.73±4.28 +0.90 2.23 Below

MCID was evaluated only for the QuickDASH using a distribution-based approach (MCID_est =0.5× SD_pooled). This provides an estimate of clinical meaningfulness and should be 
interpreted as a supportive context rather than a definitive threshold.
SRG: Single reduction group, RRG: Re-reduction group, MCID: Minimal clinically important difference, QuickDASH: Quick Disabilities of the Arm, Shoulder and Hand, SD: Standard 
deviation.

Figure 1. Estimated marginal means of radiological parameters over time according to treatment group, derived from the linear mixed-effects 
model. (a) Temporal changes in angulation. Although early post-reduction angulation values were comparable between groups, the re-reduction 
group demonstrated a greater increase during early follow-up, with the most pronounced difference observed at 4 weeks. (b) Temporal changes 
in metacarpal shortening. While early post-reduction shortening values were similar between groups, the re-reduction group exhibited greater 
shortening during the early follow-up period, particularly at the 1-week and 4-week assessments. Error bars represent standard errors.
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Interobserver reliability across all radiological measurements was 
high, with ICCs ranging from 0.772 to 0.984, indicating methodological 
consistency and reproducibility of the assessments.

DISCUSSION

In this study, the effectiveness of repeated closed reduction procedures 
was evaluated in patients who developed secondary displacement 
following initial closed reduction for isolated fifth metacarpal neck 
fractures. The analysis focused on both radiological and functional 
outcomes. Patients in the RRG had significantly longer follow-up 
and time to fracture union. Radiographic assessments revealed that 
angulation values at weeks 4 and 6, as well as shortening at weeks 1, 4, 
and 6, were significantly higher in RRG. Additionally, the rate of surgical 
intervention was higher in this group. Initial shortening emerged as the 
only independent predictor of surgical intervention in the multivariable 
firth penalized regression analysis. QuickDASH scores at week 6 were 
significantly worse in the RRG. Furthermore, flexion and extension 
angles were more restricted in this group at both early and late follow-
up assessments, suggesting a lasting impact on joint mobility.

Fractures of the fifth metacarpal neck are frequently encountered, 
particularly in young males, and are often managed by closed 
reduction.6,7,15-17 However, current literature indicates that the stability 
of closed reduction in this fracture type is limited, and significant 
deterioration in angulation and shortening can occur during the 
early post-reduction period.18-20 For this reason, many studies have 
emphasized that specific radiographic thresholds, such as angulation 
exceeding 30 to 40 degrees or shortening exceeding 2 millimeters, 
serve as useful indicators for surgical decision-making.18-23 Despite this, 
these thresholds are generally established based solely on initial post-
traumatic radiographs, and there is insufficient data describing how 
fracture alignment evolves during the follow-up period. In particular, 
studies focusing on patients who develop secondary displacement and 
subsequently undergo repeat closed reductions remain scarce and 
lack systematic, measurement-based analyses.4,6,10 The clinical impact 
and effectiveness of a second reduction attempt in this group, both 
radiologically and functionally, remain poorly defined. Moreover, the 
influence of changes in angulation and shortening, which can begin 
in the first weeks after reduction, has not yet been quantitatively 

Table 5. Univariate and firth penalized regression analysis of variables associated with surgical intervention

Predictor OR [Exp(B)] p-value 95% CI (lower) 95% CI (upper)

Univariable logistic regression for surgical intervention

Group (re-reduction vs. no re-reduction) 0.743 0.390 0.377 1.464

Age (years) 0.983 0.432 0.942 1.026

Sex (male vs. female) 0.760 0.548 0.309 1.864

Dominant hand (yes vs. no) 0.596 0.162 0.288 1.232

Mechanism (1 vs. ref) 0.903 0.813 0.387 2.104

Mechanism (2 vs. ref) 0.509 0.392 0.109 2.389

Mechanism (3 vs. ref) 0.662 0.536 0.179 2.447

Initial shortening 1.380 0.003 1.117 1.704

Post-reduction shortening 1.408 0.144 0.890 2.227

Shortening at 1 week 0.825 0.261 0.591 1.153

Shortening at 4 weeks 0.794 0.166 0.573 1.100

Shortening at 6 weeks 0.778 0.126 0.564 1.073

Initial angulation 0.967 0.108 0.928 1.007

Post-reduction angulation 0.872 0.008 0.788 0.965

Angulation at 1 week 0.882 0.002 0.813 0.955

Angulation at 4 weeks 0.920 0.012 0.862 0.982

Angulation at 6 weeks 0.862 0.004 0.779 0.954

Multivariable firth penalized logistic regression

Dominant hand (yes vs. no) 0.490 0.076 0.224 1.080

Initial shortening 1.253 0.036 1.014 1.446

Post-reduction shortening 1.321 0.311 0.772 2.296

Shortening at 1 week 0.821 0.331 0.543 1.198

Shortening at 4 weeks 0.973 0.882 0.709 1.400

Shortening at 6 weeks 0.938 0.717 0.658 1.324

Initial angulation 0.979 0.345 0.938 1.022

Post-reduction angulation 0.956 0.482 0.841 1.086

Angulation at 1 week 0.935 0.187 0.843 1.033

Angulation at 4 weeks 1.007 0.865 0.925 1.093

Angulation at 6 weeks 0.902 0.063 0.804 1.006

OR: Odds ratio, CI: Confidence intervals.
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described in relation to treatment decisions. A distinctive aspect of the 
present study is its approach to angulation and shortening, treating 
them not as static measurements but as dynamic parameters tracked 
over time. Although increases in angulation at the fourth and sixth 
weeks were associated with repeat reduction in univariable analyses, 
these parameters did not remain independent predictors of surgical 
intervention in the multivariable model. This represents a valuable 
contribution to the literature, in which most studies have focused only 
on initial radiographs. Similarly, the significant association between 
the degree of initial shortening and later surgical referral supports the 
interpretation of early radiographs as decision-making tools, rather 
than passive diagnostic images.

The impact of post-reduction changes in angulation and shortening 
on the decision for surgical treatment has been evaluated only to a 
limited extent in previous studies.18-24 In most cases, the success of 
reduction is determined solely by immediate post-procedure imaging, 
while radiological changes observed during follow-up are often 
overlooked in clinical decision-making. However, the findings of the 
present study demonstrate that increases in angulation at weeks four 
and six are associated with surgical intervention in univariable analysis, 
although these parameters did not remain independent predictors 
in the multivariable model. This suggests that deformity should be 
considered a dynamic parameter that evolves over time, rather than a 
fixed structural outcome. Instead of relying on static threshold values, 
continuous monitoring of measurements, such as angulation and 
shortening, throughout the follow-up period may provide more accurate 
guidance for timely and appropriate interventions. Nevertheless, the 
effectiveness of repeated closed reductions for patients who experience 
loss of reduction remains controversial.25-28 In this study, patients 
who underwent re-reduction showed longer union times and lower 
functional scores. These findings indicate that a second reduction 

attempt may not offer equal benefit for all patients. The observation 
that initial shortening was a predictor of surgical intervention further 
supports the notion that radiographic assessment at the time of initial 
presentation holds not only diagnostic but also prognostic value. 
Therefore, decisions regarding repeat reduction should be made by 
integrating follow-up findings and radiographic parameters, rather 
than through reflexive or routine approaches. Each intervention should 
be clinically justified and tailored to the patient’s evolving condition.

It should also be acknowledged that patients undergoing re-reduction 
are likely to have fracture patterns with inherent mechanical instability. 
In this context, the decision to perform re-reduction may be interpreted 
not as an independent therapeutic intervention, but rather as a clinical 
marker of early instability or inadequate mechanical control. Therefore, 
the longer union times and inferior early functional outcomes observed 
in the RRG may be related primarily to the underlying fracture 
characteristics rather than to a direct adverse effect of the re-reduction 
procedure itself. Accordingly, the findings of the present study should 
be interpreted as associational rather than causal.

Study Limitations

One of the most significant limitations of this study is its retrospective 
design, which prevented standardization of treatment decisions. 
The choice between reduction and surgical intervention may have 
varied depending on individual physician preferences or institutional 
practices. Additionally, the technical details of repeat reductions and 
the quality of the reductions achieved could not be assessed uniformly. 
The reliability of some functional outcome measures may also be 
affected by their reliance on patient self-reporting and by the limited 
mid-term follow-up. Moreover, because the decision to perform re-
reduction was not randomly assigned, patients in the RRG may have 
presented with fracture patterns exhibiting greater inherent mechanical 
instability. This selection process may have introduced confounding by 
indication, potentially influencing early functional outcomes and time 
to union, independent of the re-reduction procedure itself. In addition, 
the longer follow-up duration observed in the RRG does not necessarily 
reflect a true biological delay in fracture healing. Patients with fractures 
that are considered to have a higher risk of instability are more likely 
to undergo closer clinical surveillance and more frequent radiographic 
evaluations. This increased monitoring may have contributed to fracture 
union being documented later, thereby introducing ascertainment 
bias. Therefore, differences in union time between groups should not 
be interpreted as solely reflecting a true biological delay, rather but 
should be considered in the context of differential follow-up intensity. 
Despite these limitations, the study offers meaningful contributions by 
systematically evaluating the effectiveness of repeat closed reductions, 
analyzing time-dependent changes in radiological parameters such 
as angulation and shortening, and identifying their impact on clinical 
decision-making through multivariate analysis. The findings suggest a 
need to shift from rigid threshold-based decision models toward more 
dynamic approaches that incorporate follow-up observations. Future 
research using prospective designs and standardized treatment protocols 
may better clarify the optimal timing and selective application of repeat 
reduction procedures in relation to both radiological and functional 
outcomes. In addition, long-term follow-up data will be essential to 
fully understand the clinical implications of residual deformity and to 
establish more robust treatment algorithms for this fracture type.

Figure 2. Receiver operating characteristic (ROC) curve of initial 
metacarpal shortening for predicting the need for surgical 
intervention.
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CONCLUSION

This study demonstrated that radiological changes observed during 
follow-up after reduction of fifth metacarpal neck fractures may serve 
as important indicators for the treatment process. Repeated closed 
reductions performed in patients with secondary displacement did 
not yield consistent benefits across all cases and were associated with 
limited improvements in both functional and radiological outcomes. 
Continuous and dynamic evaluation of parameters such as angulation 
and shortening throughout the follow-up period may provide valuable 
guidance, particularly in determining the appropriate timing of 
clinical interventions. Furthermore, initial shortening emerged as an 
independent predictor of surgical referral, highlighting the prognostic 
value of early radiographic assessment.

MAIN POINTS

•	 Re-reduction after early loss of alignment in fifth metacarpal neck 
fractures does not consistently improve radiological or functional 
outcomes. 

•	 Radiological parameters such as angulation and shortening should 
be interpreted as dynamic variables evolving over time rather than 
static measurements. 

•	 Early deterioration in alignment, particularly within the first weeks, 
reflects underlying fracture instability rather than the effect of re-
reduction itself. 

•	 Initial metacarpal shortening emerged as the only independent 
predictor of subsequent surgical intervention. 

•	 Continuous follow-up assessment provides more clinically relevant 
guidance than a single time-point radiographic evaluation.
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