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A Functional Outcome of Closed Intra-articular Fracture of Proximal
Interphalangeal Joint of Hand Managed By Suzuki Frame — A
Longitudinal Study

Balaji S, Arun Kaliaperumal , Gokulraj C, Rumesh Kannan Gunasekaran , Muralidharan R, Avinash
Gogoularadja '

Learning Point of the Article:
Dynamic Suzuki frame fixation enables early mobilization, restores proximal interphalangeal joint function, and achieves excellent
functional outcomes with minimal complications in closed intra-articular PIP joint fractures.

Introduction: Closed intra-articular fractures of the proximal interphalangeal (PIP) joint are difficult to manage because of the small articular
surface, joint instability, and risk of post-operative stiffness. Dynamic external fixation using the Suzuki frame aims to restore joint congruity
while permitting early mobilization and functional recovery.

Aim: This study aims to evaluate the functional outcomes of closed intra-articular PIP joint fractures of the hand managed with Suzuki frame
fixation.

Materials and Methods: This prospective study included 32 patients with closed intra-articular PIP joint fractures treated using the Suzuki
dynamic external fixation frame. One patient was lost to follow-up; therefore, 31 patients were included in the functional outcome analysis.
Patients were followed for 12 weeks. Functional outcomes were assessed using PIP joint range of motion (ROM), quick disabilities of the arm,
shoulder,and hand (QuickDASH) score, and post-operative complications.

Results: The majority of patients were male (78.1%) aged 17-30 years (56.3%). Slip and fall (43.8%) was the most common mechanism of
injury. Mean ROM improved significantly from 42.5° + 8.3° at 6 weeks to 110.6° £ 9.2° at 12 weeks (P < 0.001). The mean QuickDASH score
improved from 99.0 + 0.0 at 6 weeks to 14.9 + 4.5 at 12 weeks (P < 0.001). Most patients (81.3%) had no post-operative complications, with only
one case each of extensorlagand non-union, and no pin-tractinfection orjointinstability.

Conclusion: Suzuki frame fixation provides excellent short-term functional recovery in closed intra-articular PIP joint fractures by allowing
early mobilization, restoring joint motion, and maintaining low complication rates. Itis a safe, minimally invasive, and effective treatment option
forunstable PIPjoint fractures.

Keywords: Proximal interphalangeal joint, proximal interphalangeal joint fracture, closed intra-articular fracture, Suzuki frame, dynamic
external fixation, ligamentotaxis, functional outcome, range of motion, QuickDASH, Hand fractures.

Introduction particularly among economically productive young adults.

Hand injuries are among the most common musculoskeletal Globally, the age-standardized incidence of hand and wrist
traumas worldwide and contribute substantially to disability, fractures was estimated at 178.9/100,000 population in 2017,
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with digit amputations further increasing the burden of
disability. Although incidence rates have declined modestly
over recent decades, the absolute number of injuries remains
high, especially in developing countries [1]. Young adult males
are disproportionately affected because of occupational
exposure and manual labor. Common mechanisms include
falls, road traffic accidents, machinery-related trauma, and
domestic injuries. These injuries often result in significant
impairment of grip strength, dexterity, and daily activities,
leading to considerable socioeconomic consequences through
loss of productivity and prolonged disability[2].

Phalangeal fractures constitute one of the most frequent upper-
extremity fractures encountered in emergency practice. Large
epidemiological studies have demonstrated a predominance in
males with a median age of 40-4S years. Border digits,
particularly the ring and little fingers, are most commonly
affected because of their exposed anatomical position.
Fractures involve the proximal, middle, or distal phalanges, with
injury patterns varying according to the mechanism of trauma.
Crush injuries, blunt trauma, and falls are the predominant
causes, while intra-articular involvement occurs in nearly half of
all cases, emphasizing the importance of accurate anatomical
reduction. Open fractures are also common, particularly
following high-energy industrialinjuries [ 3,4].

The proximal interphalangeal (PIP) joint is one of the most
functionally important joints of the hand, providing the
majority of flexion required for power grip and fine motor
activities. Itis ahinge joint stabilized by the volar plate, collateral
ligaments, and extensor mechanism. Injury to these stabilizing
structures may result in chronic instability, stiffness, extensor
lag, boutonniere deformity, or swan-neck deformity, all of
which significantly impair hand function. Restoration of
articular congruity is therefore essential to preserve long-term
joint motion and prevent post-traumatic arthritis. Despite
advances in surgical approaches, complete visualization of the
articular surface remains challenging while preserving
surrounding soft tissues, contributing to post-operative
stiffness and functionallimitations [ 5,6,7,8].

Intra-articular PIP joint fractures result from complex
biomechanical forces including axial loading, hyperextension,
hyperflexion, and rotational stress. Axial loading, commonly
encountered during sports injuries, falls, and industrial
accidents, may produce pilon fractures with comminution and
central articular depression. Hyperextension injuries typically
cause volar lip avulsion fractures through disruption of the volar
plate and may progress to unstable fracture-dislocations when
more than half of the articular surface is involved. Hyperflexion
injuries generally produce dorsal lip fractures or central slip
avulsions, whereas rotational forces lead to unicondylar or

bicondylar fractures often associated with collateral ligament
injuries. Joint stability is significantly compromised when
multiple stabilizing structures are disrupted [9,10].

The study was undertaken to evaluate the functional outcomes,
range of motion (ROM), and complications of Suzuki dynamic
external fixation in closed intra-articular PIP joint fractures,
where instability and post-operative stiffness are major

concerns.

Materials and Methods
Studydesign

The study was designed as a prospective observational study
conducted to evaluate the functional outcome of closed intra-
articular fracture of PIP joint management with Suzuki frame
fixation.

Study setting

The study was conducted in the department of orthopedics ata
tertiary care teaching hospital.

Study duration

The studywas carried out overa period of 2 years.

Study population

All patients presenting to the orthopedic outpatient
department and casualty with closed intra-articular fracture of
PIP joint of the hand and who met the inclusion criteria of the
present study.

Samplesize
The sample size was calculated using:
= ZanPdq
J?
Where:
«n=required sample size
o Za/2=1.96for95% confidencelevel
« p=expected proportion
eq=1-p
« d=allowable absolute precision
«P=50% (0.50)
«q=50% (0.50)
«d=17.3%(0.173).

Thus, the calculated sample size was 32 patients.
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« Clinical examination assessing swelling, deformity, stability,
and neurovascular status

« Radiographic evaluation with anteroposterior and lateral
views of the affected finger.

Surgical technique

All procedures were performed under local anesthesia under
strict aseptic conditions. After achieving adequate reduction
under fluoroscopy guidance, the Suzuki frame wasapplied.

« Two Kirchner wires were inserted transversely

« One through the head of the proximal phalanx

« One through the base of the middle phalanx.

Wires were bent externally, and elastic rubber bands were
applied between wires to provide dynamic traction across the
PIP joint based on the principle of ligamentotaxis. Adequate
distraction and concentric reduction were confirmed under
fluoroscopy. Day-1 Post-operative X-rays were taken (Fig. 1).

Post-operative protocol

Figure 1: Pre-operative and immediate post-operative hand Day 1
anteroposterior and oblique X-rays. AC“‘I"E' ﬁ ngEI’ mﬂblilzat IDI"I

Inclusion criteria

Patients with closed intra-articular fracture at PIP joint of finger

presenting both in outpatient department and casualty who Patient Education
were managed with Suzuki frame device willing to participate in : ;

present study; Pin-site care

« Age=18-65years FlngEf exXercises
« Both male and female

« Bothrightandleft

« Acute fractures >1 week

« Closedfractures Follow-U p
« Patient with comorbidities (Controlled). 6 weeks . Oweeks . 12 weeks

Exclusion criteria

« Open fracture of proximal interphalangeal joint

« Extra-articular fracture

« Associated tendon injuries Radiﬂloglcal Union
« Pathological fracture Suzuki Frame Removal

« Old fracture >3 weeks

« Patient with prior deformity Active finger mobilization was limited within 24-48 h
« Stiffness of the affected finger. postoperatively

Pre-operative assessment . Patients were encouraged to perform supervised
« Detailed history taking including mechanism of injury physiotherapy
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Figure 2: 6th week post-operative and 9th week follow-up X-rays.

o Suzuki frame maintained for approximately 4-6 weeks
depending on radiological evidence of healing. Following
radiological union, implants removed and patients were
followed-up and serial X-rays taken (Fig.2).

Ethical statement

Institute Ethics Committee (Human Studies), Indira Gandhi
Medical College and Research Institute, Puducherry, approved
the study proposal No. 626/IEC-40/IGMC and RI/PP-
70/2024, entitled “Study of Functional Outcome of PIP Joint of
Hand Managed by Suzuki Frame — A Longitudinal Study” The
study was submitted by Dr. C. Gokul Raj, 1st-Year Postgraduate,
Department of Orthopaedics, IGMC and RI, Puducherry, and
was approved at the Institute Ethics Committee meeting held

Table 1: Comparison of functional improvement
over follow-up

Comparison di ff:::zze ©) P-value
6™ versus 9" week 25.2° <0.002*
9™ versus 12" week 42.9° <0.001*
6" versus 12" week 68.1° <0.002*

onFebruary 1stand 5th, 2024.

Statistical analysis

« All the data were collected and entered into MS Office Excel
sheet, and the data were analysed using the Statistical Package
forthe Social Sciences software version 18

« Descriptive statistics were used for the following parameters
such as demography, clinical variables. Categorical parameters
such as age, sex, type of injure fracture, side of fracture
involvement, and post-operative complications are expressed as
frequencyand percentage

« Continuous variables such as mean ROM, quick disabilities of
the arm, shoulder, and hand (QuickDASH) scores at 6th week,
9th week, and 12th week were performed between follow-up
intervals. P < 0.05 was considered statistically significant

« One patient was lost to follow-up was excluded from the
functional outcome analysis. Therefore, statistical comparison
of ROM and QuickDASH was performed on 31 patients.

Results

A total of 32 patients were included in the study. The majority
belonged to the 18-30 years of age group (18 patients, 56.3%),
followed by 31-40 years (7 patients, 21.9%), 41-50 years (3
patients, 9.4%),and >SOyears (4 patients, 12.5%).

There was a clear male predominance, with 25 males (78.1%)
and 7 females (21.9%).

The most common mechanism of injury was slip and fall,
including falls from two-wheelers and stairs (14 patients,
43.8%), followed by sports-related injuries (predominantly
cricket) (9 patients, 28.1%), road traffic accidents (4 patients,
12.5%), and other blunt trauma (S patients, 15.6%). Thus,
accidental falls and sports injuries were the leading causes of
PIPjoint fractures.

The right hand was more frequently involved (19 patients,
59.4%) than the left hand (13 patients, 40.6%), indicating a

Table 2: QuickDASH score comparison

Comparison . Mean
difference
6™ versus 9" week 59.3 <0.002*
9™ versus 12" week 24.8 <0.001*
6" versus 12" week| ~ 84.1 <0.002*
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predominance of injuries affecting the dominant side.

Regarding fracture pattern, simple intra-articular fractures were
observedin 21 patients (65.6%), whereas fracture-subluxations
occurred in 11 patients (34.4%), making simple fractures the

more common injury pattern.

All 32 patients (100%) underwent Suzuki frame fixation under
local anesthesia. No patient required regional anesthesia, and
no anesthesia-related complications were encountered,
highlighting the minimally invasive nature and feasibility of the
Suzuki frame technique as a day-care procedure.

At 6th post-operative week, the mean ROM of PIP joint was
42.5° with standard deviation of 8.3°. The minimal recorded
ROM was 30°, while the maximum achieved was 50°. Most
patients demonstrated moderate improvement in joint
mobility at this stage. Thus reflecting early functional recovery
following Suzuki frame fixation.

Atthe 6th post-operative week, 15 patients 48% achieved ROM
of 50°. Whereas 8 patients (25%) demonstrated 40° of motion.
The remaining 8 patients (25%) had a ROM of 30°. Thus, half of
the study population achieved 50° of movement at 6th week.
Thisindicated satisfactory early post-operative improvement in
joint mobility.

Among the 31 patients available for follow-up, there was
progressive improvement in functional outcome over time. The
mean ROM was improved from42.5° + 8.3° at the 6th week to
67.7° £ 10.4° at the 9th week, and this further increased to
110.6° £ 9.2° at the 12th week postoperatively. Similarly, the
mean QuickDASH score demonstrated significant
improvement, decreasing from 99 + 0.0 at the 6th week t0 39.7 +
4.2 atthe 9th week and furtherreducing to 14.9 £ 4.5 at the 12th
week. These findings indicate substantial functional recovery
and progressive restoration of joint mobility following Suzuki
frame fixation.

Statistical analysis demonstrated a significant improvement in
ROM over successive follow-up periods. The mean difference s
ROM between 6th and 9th week was 25.2° between 9th and
12th week was 42.9° and between 6th and 12th week was 68.1°.
The improvements were found to be statistically highly
significant. Similarly, the QuickDASH score showed a
statistically significant reduction over time. The mean decrease
in QuickDASH score between 6th and 9th week was 59.3
points; between the 9th and 12th week was 24.8 points between
6th and 12th week was 84.1 points. All these comparisons
demonstrated high statistical significance (P < 0.002 and
<0.001). These findings confirm that Suzuki frame fixation
resulted in significant and progressive functional improvement
during post-operative follow-up period (Table 1 and 2).

Out of the total 32 patients included in the study, 28 patients

(81.3% did not develop any post-operative complications. One
patient 3.1% developed a 10° extensor lag, and one patient 3.1%
developed nonunion during the follow-up period. One patient
3.1% waslost to follow-up after surgery. No other complications
such as pin tract infection, overdistraction, or joint instability
were observed.

Discussion

Closed intra articular fractures of PIP joint are complex injuries
due to the small articular surface and delicate soft-tissue
envelope. If it is not managed appropriately they can result in
stiffness of joint, deformity, and long-term functional
impairment. Liodaki et al. emphasized that suboptimal
treatment of intra-articular PIP fracture frequently leads to
persistent stiffness and reduced hand function.

In the present study, the total sample size of 32; however, only
31 completed follow-up. The majority of patients were young,
and they were mostly male, with 56.1% in 17-30 years age
group and 78.1% male in total predominance. This pattern is
consistent with trauma-related epidemiology described by
Harmon et al. who have reported that PIP injuries commonly
occur following axial loading mechanisms, especially in young,
active individuals.

The mean ROM of the PIP joint improved from 42.5° £ 8.3°at 6
weeks to 110.6° £ 9.2° at 12 weeks postoperatively. This
improvement was statistically significant (P < 0.001),
indicating progressive restoration of joint mobility following
Suzuki frame fixation. Dynamic external fixation works on the
principle of capsuloligamentotaxis and allows early
mobilizations. Liodaki et al.,[11] described that dynamic
fixation, such as the Suzuki frame, provides simultaneous
traction and mobilization. Preventing peri-articular adhesions
and stiffness. Similarly Suzuki et al. originally reported excellent
outcomes with early motion using pins and a rubber traction
system. Furthermore, long-term PIP flexion averaged nearly
85° with joint remodeling observed over time. In comparison,
our study demonstrated a mean ROM of 110.6° + 9.2°, which
indicated excellent early functional recovery. This may be due
to early initiation of mobilization, proper frame construction,
strict follow-up protocol.

Functional outcome assessment using QuickDASH score
formed a key component of the present study. The mean
QuickDASH score demonstrated significant statistical
significance, with a reduction from 99 + 0.0 at 6 weeks to 39.7 +
4.2 at 9 weeks and further 14.9 + 4.5 at 12 weeks (P < 0.001).
The progressive decline reflects substantial improvement in
upper limb function, reduction in pain and restoration of hand
utility over the follow-up period.
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Early high QuickDASH score at 6 weeks can be attributed to
post-operative stiffness soft-tissue edema, and protective
splinting during the initial healing phase. However, as early
mobilization was initiated and distraction maintained articular
congruity, there was rapid functional improvement. Dynamic
traction systems such as the Suzuki frame permit controlled
early joint motion while maintaining reduction through the
capsule-ligament axis. Suzuki et al. mobilization demonstrated
that early mobilization under traction enhances joint modeling
and functional recovery. Similarly, Harmon et al. [12]
emphasized that early referral to therapy and initiation of
motion are critical determinants of final functional outcome in
PIP joint fractures. Delayed mobilization has been associated
with persistent stiffness and poor functional scores. therefore
significant reduction in QuickDASH score observed in our
study supports the principle that stable dynamic fixation
combined with early rehabilitation leads to superior patient-
reported outcomes. Although many previous studies have
primarily reported ROM as principal outcome measures,
patient-reported outcome measures such as QuickDASH
provide amore comprehensive evaluation of real-life functional
recovery. The normal QuickDASH score at 12 week in our
study indicated that most patients were able to resume daily
activities with minimal difficulty [ 13].

Accordingto Lee etal., Ikedaetal,, Jain etal. open reduction and
internal fixation (ORIF) is traditionally employed in unstable
intra-articular PIP joint fractures to achieve anatomical
reduction. While ORIF provides rigid fixation, it requires
surgical exposure and soft tissue dissection, which may
compromise blood supply and predispose post-operative
stiffness [14,15,16].

According to Stern et al. reported that ORIF can achieve
anatomical articular reconstruction, but extensive soft-tissue
dissection around the PIP joint may lead to adhesion and
limited post-operative motion. Furthermore, Liodakietal. [11]
noted that open techniques may result in residual flexion
contracture and impaired function despite radiological
alignment. In contrast, the Suzuki frame technique is a
minimally invasive technique soft tissue sparing, and avoid
direct manipulation of small intra-articular fragments. It works
on the principle of ligamentotaxis, allowing indirect fracture
reduction while preserving periarticular soft tissue.

Our study mean ROM was 110.6° = 9.2° which compares
favorably with outcomes reported in ORIF series, where post-
operative stiffness is a recognized complication. Additionally,
significant improvement in QuickDASH score supports better
functional restoration without morbidity associated with open
procedures. All in all, our findings suggest that closed intra-
articular PIP fracture amenable to ligamenttotaxis the Suzuki

frame offers comparable, if not superior, functional outcomes
withreduced soft tissue morbidity compared to ORIFE.

Post-operative complications remain one of the major concerns
in management of PIP joint fracture due to the high risk of
stiffness and deformity. In the present study, 81.3% of patients
had no complications, 3.1% developed mild extensor lag (10°),
3.1% developed non-union, 3.1% were lost to follow-up, and no
cases of pin tractinfection orjointinstability were observed.

The low complication rate in our study is encouraging; pin tract
infection is a commonly reported complication in dynamic
external fixation. Liodaki et al.[11] reported instances of Pin
tract infection and secondary surgical procedure in some cases
treated with dynamic traction devices. However, meticulous
pin care and proper technique can significantly reduce this risk.
Flexion contracture and extensor lag are frequently reported
sequelae following PIP joint injuries; authors like Chatterjee et
al.[17] reported good to excellent outcomes in 91% of cases
treated with the Suzuki frame with minimal complications. Our
present studyis consistent with these results, as only one patient
developed mild extensor lag, which did not significantly impair
function. Non-union in intra-articular phalangeal fracture is
uncommon but may occur due to comminution or inadequate
stability. A single case of non-union in our study represents a
small proportion 3.1% and did not significantly affect overall
functional analysis. Importantly, no cases of overdistraction,
joint subluxation, or post-traumatic instability were noted.
Dynamic traction when properly balanced maintains joint
congruity and prevents collapse while permitting early motion.
This complication profile observed in our study reinforces the
safety and reliability of the Suzuki frame technique.

The strengths of the study include its prospective longitudinal
design, standardized Suzuki frame fixation technique, serial
assessment at 6, 9, and 12 weeks, and evaluation of both PIP
joint ROM and QuickDASH scores, along with post-operative
complications. However, the study is limited by its small sample
size of 32 patients, with one patient lost to follow-up, a short 12-
week follow-up, absence of a control or comparison group, and
single-center design, which may limit the statistical power and
generalizability of the findings.

Conclusion

The present prospective longitudinal study evaluated the
functional outcomes of closed intra-articular PIP joint fractures
managed using Suzuki frame fixation. A total of 32 patients were
enrolled, with 31 completing the 12-week follow-up.
Functional outcomes were assessed using PIP joint ROM and
QuickDASH scores.

Patients demonstrated significant functional improvement
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throughout the follow-up period. Mean PIP joint ROM
increased progressively from the 6th to the 12th post-operative
week, indicating effective restoration of joint mobility with
Suzuki frame fixation. This improvement was statistically
significant, reflecting the benefits of dynamic external fixation
and early mobilization.

No major complications were encountered, likely owing to
careful patient selection, meticulous surgical technique,
appropriate frame construction, and adherence to post-
operative rehabilitation. Overall, Suzuki frame fixation
provided excellent functional recovery, significant
improvement in joint mobility, and minimal complication rates.

Its minimally invasive nature and ability to facilitate early
motion make it an effective treatment option for unstable intra-
articular PIP joint fractures.

Clinical Message

Suzuki dynamic external fixation is a safe, minimally invasive, and
effective treatment for closed intra-articular PIP joint fractures. By
facilitating early mobilization through ligamentotaxis, it restores
joint congruity, improves ROM and functional outcomes, and
minimizes post-operative stiffness and complications when
combined with appropriate rehabilitation.
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